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INVOLVED IN HOMEOSTASIS AND ADAPTATION 



Abstract of the Disclosure 



Isolated nucleic acid molecules, designated HA nucleic acid mplecules^wtuch 
encode novel HA proteins from Coryntbuarium glu,an,icum are descnbed. The 
invention also provides antisense nucleic acid molecules, recombinant expresston 
11 contain^ HA nucleic acid molecules, «d host cells into which 
vectors have been introduced. The invention still further provides tsolated HA proteins, 
mutated HA proteins, fusion proteins, antigenic peptides and methods for the 
improvement otproduction of .1 desired compound from C based on 

generic engineering ot'HA genes in this organism. 
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CORYNEBACTER1UM CLUTAAilCUM ENCODING PROTEINS 
INVOLVED IN HOMEOSTASIS AND ADAPTATION 

Background oljhelnvention 

5 ^^^^ * naxurally-occumng metabolic processes in 

cells have utility inside array of industries, including the food feed, co„ and 
pharmaceutical industries. These molecules, collectively termed tine chemicals , 
include organic acids, both proteinogemc and non-proteinogenic ammo acids, 
nucleotides and nucleosides, lipids and fatty acids, diols, carbohydrates, aromatic 
10 compounds, vitamins and cofactors, and enzymes. Their producnon is most 
• conLentlyperfonnedthroughthelaxge-scalecultureof 

and secrete large quantities of one or more desired molecules. One parucularly useful 
-m organism for this purpose is Corynebacrerium giuramicum, a gram positive, 

nonpathogenic bacterium. Through strain selection, a number of mutant strains have 
15 been developed which produce an array of desirable compounds However, selection of 
strains improved for the production of a particular molecule is a rime-consuming and 
difficult process. 

Summary of the Invention 

->0 This invention provides novel nucleic acid molecules which may be used to 

identify or classify Corynebacrerium giuramicum or related species of bacteria. C 
giuramicum is a gram positive, aerobic bacterium which is commonly used in industry 
for the large-scale production of a variety of fine chemicals, and also for the degradation 
of hydrocarbons (such as in petroleum spills) and for the oxidation of terpenoids. The 
?5 nucleic acid molecules therefore can be used to identify microorganisms which can be 
, used to produce fine chemicals, e.g., by fermentation processes. While C. giuramicum 
\ 1 itself is nonpathogenic, it is related to other Corynebacteriuhi species, such as 

' Corynebacrerium diphrheriae (the causative agent of diphtheria), which are important 

human pathogens. The ability to identify the presence of Corynebacterium species 
30 therefore also can have significant clinical relevance, e.g., diagnostic applications. 

Further, these nucleic acid molecules may serve as reference points for the mapping of 
the C giuramicum genome, or of genomes of related organisms. 

These novel nucleic acid molecules encode proteins, referred to herein as 
homeostasis and adaptation (HA) proteins. These Ha proteins are capable of, for 
35 example, performing a function involved in the maintenance of homeostasis in C. 

giuramicum, or in the ability of this microorganism to adapt to different envuonmental 
{ conditions. Given the availability of cloning vectors for use in Corynebacrerium 
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glutamicum, such as those disclosed in Sinskey et al., U.S. Patent No. 4,649,1 19, and 
techniques for genetic manipulation of C. glutamicum and the related Brevibuctermm 
species (e.g., laclofermentum) (Yoshihama et al, J. Bacterial 162: 591-597 (1985); 
Katsumata et al.. J. Bacterial. 159: 306-31,1 (1984); and Santamaria et al., J. Gen. 
5 Microbiol. 130: 2237-2246 (1984)), the nucleic acid molecules of the invention may be 
utilized in the genetic engineering of this organism to make it a better or more efficient 
producer of one or more fine chemicals. This improved production or efficiency of 
production of a fine chemical may be due to a direct effect of manipulation of a gene of 
the invention, or it may be due to an indirect effect of such manipulation. 
10 There are a number of mechanisms by which the alteration of an HA. protein of 

the invention may directly affect the yield, production, and/or efficiency of production 
of a fine chemical from a C. glummicum strain incorporating such an altered protein. For 
( example, by engineering enzymes which modify or degrade aromatic or aliphatic 

compounds such that these enzymes are increased or decreased in activity or number, it 
1 5 may be possible to modulate the production of one or more fine chemicals which are the 
modification or degradation products of these compounds. Similarly , enzymes involved 
in the metabolism of inorganic compounds provide key molecules (e.g. phosphorous, 
sulfur, and nitrogen molecules) for the biosynthesis of such tine chemicals as amino 
acids, vitamins, and nucleic acids. By altering the activity or number of these enzymes 
20 in C. glutamicum, it may be possible to increase the conversion of these inorganic 

compounds (or to use alternate inorganic compounds) to thus permit improved rates of 
incorporation of inorganic atoms into these fine chemicals. Generic-engineering of C. 
glutamicum enzymes involved in general cellular processes may also directly improve 
" fine chemical production, since many of these enzymes direcily modify fine chemicals 
25 (e.g., amino acids) or the enzymes which are involved in fine chemical synthesis or 
N m secretion. Modulation of the activity or number of cellular proteases may also have a 

A direct effect on fine chemical production, since many proteases may degrade fine 

I chemicals or enzymes involved in fine chemical production or breakdown. 

Further, the aforementioned enzymes which participate in aromatic/aliphatic 
30 compound modification or degradation, general biocatalysis, inorganic compound 

metabolism or proteolysis are each themselves fine chemicals, desirable for their activity 
in various in vitro industrial applications. By altering the number of copies of the gene 
for one or more of these enzymes in C. glutamicum it may be possible to increase the 
number of these proteins produced by the cell, thereby increasing the potential yield or 
35 efficiency of production of these proteins from large-scale C. glutamicum or related 
bacterial cultures. 
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The alteration of an HA protein of the invention may also indirectly affect the 
yield production, and/or efficiency of production of a fine chemical from a C 
gluxamicum strain incorporating such an altered protein. For example, by modulating 
the activity and/or number of those proteins involved in the construction or 

5 rearrangement of the cell wall, it may be possible to modify the structure of the cell wall 
itself such that the cell is able to better withstand the mechanical and other stresses 
present during large-scale fermentative culture. Also, large-scale growth of C 
gluxamicum requires significant cell wall production. Modulation of the activity or 
number of cell wall biosynthetic or degradative enzymes may allow more rapid rates of 

1 0 cell wall biosynthesis, which in turn may permit increased growth rates of this 

microorganism in culture and thereby increase the number of cells producing the desired 

fine chemical.' , 

By modifying the HA eruymes of the invention, one may also indirectly impact 
the yield, production, or efficiency of production of one or more fine chemicals from C. 
1 5 gluxamicum. For example, many of the general enzymes in C gluiamtcum may have a 
significant impact on global cellular processes (e.g., regulatory, processes) which in turn 
have a significant effect on fine chemical metabolism. Similarly, proteases, enzymes 
which modify or degrade possibly toxic aromatic or aliphatic compounds, and enzymes 
which promote the metabolism of inorganic compounds all serve to increase the 
20 viability of C. gluxamicum. The proteases aid in the selective removal of misfolded or 
misregulated proteins, such as those that might occur under the relatively stressful 
environmental conditions encountered during large-scale fermentor culture. By altering 
these proteins, it may be possible to further enhance this activity and to improve the 
viability of C glutumicum in culture. The aromatic/aliphatic modification or 
25 degradation proteins not only serve to detoxify these waste compounds (which may be 
encountered as impurities in culture medium or as waste products from cells 
themselves), but also to permit the cells to utilize alternate carbon sources if the optimal 
carbon source is limiting in the culture. By increasing their number and/or activity, the 
survival of C. gluxamicum cells in culture may be enhanced. The inorganic metabolism 
30 proteins of the invention supply the cell with inorganic molecules required for all protein 
and nucleotide (among others) synthesis, and thus are critical for the overall viability of 
the cell. An increase in the number of viable cells producing one or more desired fine 
chemicals in large-scale culture should result in a concomitant increase in the yield, 
production, and/or efficiency of production of the fine chemical in the culture. 
35 The invention provides novel nucleic acid molecules which encode proteins, 

referred to herein as Ha proteins, which are capable of, for example, performing a 
function involved in the maintenance of homeostasis in C. gluxamicum, or of 
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participaring in the ability of this microorganism to adapt to different environmental 
conditions. Nucleic acid molecules encoding an HA proiein are referred to herein as HA 
nucleic acid molecules. In a preferred embodiment, an HA protein participates in C 
gluramicum cell wall biosynthesis or rearrangements, metabolism of inorganic 
5 compounds, modification or degradation of aromatic or aliphatic. compounds, or 

possesses a C. gluiamicum enzymatic or proteolytic activity . Examples of such proteins 
include those encoded by the genes set forth in Table 1 . 

Accordingly, one aspect of the invention pertains to isolated nucleic acid - 
molecules (e.g., cDNAs) comprising a nucleotide sequence encoding an HA protein or 
1 0 biologically active portions thereof, as well as nucleic acid fragments suitable as primers 
or hybridization probes for the detection orimplification of HA-encoding nucleic aeids 
i (e.g., DNA or mRNA). In particularly preferred embodiments, the isolated nucleic acid 

molecule comprises one of the nucleotide sequences set forth in Appendix A or the 
coding region or a complement thereof of one of these nucleotide sequences. In other 
15 particularly preferred embodiments, the isolated nucleic acid molecule of the invention 
comprises a nucleotide sequence which hybridizes to or is at least about 50%, preferably 
at least about 60%, more preferably at least about 70%, 80% or 90%, and even more 
preferably at least about 95%, 96 ; %, 97%, 98%, 99% or more homologous to a 
nucleotide sequence set forth in Appendix A, or a portion thereof. In other preferred 
20 embodiments, the isolated nucleic acid molecule encodes one of the amino acid 

sequences set forth in Appendix B. The preferred HA proteins of the present invention 
also preferably possess at least one of the HA activities described herein. \ 

In another embodiment, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
25 - which is suf&ci'ehtly homologous to an amino acid sequence of Appendix B, e.g., 
i, «A sufficiently homologous to an amino acid sequence of Appendix B such that the protein 

' or portion thereof maintains an HA activity. Preferably, the protein or portion thereof 

• T encoded by the nucleic acid molecule maintains the ability to participate in the 

maintenance of homeostasis in C. gluiamicum, or to perform a function involved in the 
30 adaptation of this microorganism to different environmental conditions, in one 

embodiment, the proiein encoded by the nucleic acid molecule is at least about 50%, 
preferably at least about 60%, and more preferably at least about 70%, 80%, or 90% and 
most preferably at least about 95%, 96%, 97%, 98%, or 99% or more homologous to an 
amino acid sequence of Appendix B (e.g., an entire amino acid sequence selected from 
35 those sequences set forth in Appendix B). In another preferred embodiment, the protein 
is a full length C. gluiamicum protein which is substantially homologous to an entire 
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amino acid sequence of Appendix B (encoded by an open reading frame shown in 
Appendix A). 

In another preferred embodiment, ihe isolated nucleic acid molecule is derived 
from C glusamicum and encodes a protein (e.g., an HA fusion protein) which includes a 

5 biologically active domain which is ai least about 50% or more homologous to one of 
the amino acid sequences of Appendix B and is able to participate in the repair or 
recombination of DNA, in the transposition of genetic material, in gene expression (i.e., 
the processes of transcription or translation), in protein folding, or in protein secretion in 
Corynebacierium glusamicum, or has one or more of the activities set forth in Table I, 

10 and which also includes heterologous nucleic acid sequences encoding a heterologous 
polypeptide or regulatory' regions. 

^ In another embodiment, the isolated nucleic acid molecule is at least 15 

nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. Preferably, the isolated 

15 . nucleic acid molecule corresponds to a naturally-occurring nucleic acid molecule. More 
preferably, the isolated nucleic acid encodes a naturally-occurring C gluiamicum HA 
protein, or a biologically active portion thereof. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
, vectors, containing the nucleic acid molecules of the invention, and host,cells into which 

20 such vectors have been introduced. In one embodiment, such a host cell is used to 

produce an HA protein by culturing the host cell in a suitable medium. The HA protein 
can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to a genetically altered 
microorganism in which an HA gene has been introduced or altered. In one 

25 , embodiment, the genome of the microorganism has been altered by introduction of a 
nucleic acid molecule of the invention encoding wild-type or mutated HA sequence as a 
transgene. In another embodiment, an endogenous HA gene within the genome of the 
microorganism has been altered, e.g., functionally disrupted, by homologous 
recombination with an altered HA gene. In a preferred embodiment, the microorganism 

30 belongs to the, genus Corynebacierium or Brevibacierium, with Corynebacierium 

gluramicum being particularly preferred. In a preferred embodiment, the microorganism 
is also utilized for the production of a desired compound, such as an amino acid, with 
lysine being particularly preferred. 

Still another aspect of the invention pertains to an isolated HA protein or a 

35 portion, e.g., a biologically active portion, thereof. In a preferred embodiment, the 

isolated HA protein or portion thereof can participate in the maintenance of homeostasis 
in C. gluramicum, or can perform a function involved in the adaptation of this 
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microorganism to different environmental conditions. In another preferred embedment, 
me isolated HA protein or portion thereof is sufficiently homologous to an amino acid 
sequence of Appendix B such that the protein or portion thereof maintains the ability to 
participate in the maintenance of homeostasis in C. glutamicum, or to perform a function 
involved in the adaptation of this microorganism to different environmental conditions. 

The invention also provides an isolated preparation of an HA protein. In 
preferred embodiments, the HA protein comprises an amino acid sequence of Appendix 
B. in another preferred embodiment, the invention pertains to an isolated full length 
protein which is substantially homologous to an entire amino acid sequence of Appendix 
B (encoded by an open reading frame set forth in Appendix A). In yet another 
embodiment, the protein is at least about 50%, preferably at least about 60%, and more 
preferably at least about 70%, 80%. or 90%. and most preferably at least about 95%. 
96%, 97%, 98%, or 99% or more homologous to an entire amino acid sequence of 
Appendix B. In other embodiments, the isolated HA protein comprises an amino acid 
[ 5 sequence which is at least about 50% or more homologous to one of the amino acid 
sequences of Appendix B and is able to participate in the maintenance of homeostasis in 
C glutamicum, or to perform a function involved in the adaptation of this 
microorganism to different environmental conditions, of has one or more of the 
activities set forth in Table 1 
20 Alternatively , the isolated HA protein can comprise an amino acid sequence 

which is encoded by a nucleotide sequence which hybridizes, e.g., hybridizes under 
stringent conditions, or is at least about 50°k, preferably at least about 60%, more 
preferably at least about 70%, 80%, or 90%, and even more preferably at least about 
95%, 96%, 97%, 98,%. or 99% or more homologous, to a nucleotide sequence of 
25 Appendix B. It is also preferred that the preferred forms of HA proteins also have one 
or more of the HA bioactivities described herein. 

The HA polypeptide, or a biologically active portion thereof, can be operatively 
linked to a non-HA polypeptide to form a fusion protein. In preferred embodiments, this 
fusion protein has an activity which differs from that of the HA protein alone. In other 
30 preferred embodiments, this fusion protein participates in the maintenance of 

homeostasis in C. glutamicum, or performs a function involved in the adaptation of this 
microorganism to different environmental conditions. In particularly preferred 
embodiments, integration of this fusion protein into a host cell modulates production of 
a desired compound from the cell. 
35 Another aspect of the invention pertains ,to a method for producing a fine 

chemical. This method involves the culturing of a cell containing a vector directing the 
expression of ah HA nucleic acid molecule of the invention, such that a tine chemical is 
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produced. In a preferred embodimeni, this method further includes the step of obtaining 
a cell containing such a vector, in which a cell is transfecxed with a vector directing the 
expression of an HA nucleic acid. In another preferred embodiment, this method further 
includes the step of recovering the fine chemical from the culture. In a particularly 

5 preferred embodimeni, the cell is from the genus Corynebacttrium or Brevibacrerium, 
or is selected from those strains set forth in Table 3. 

Another aspect of the invention pertains to methods for modulating 
production of a molecule from a microorganism. Such methods include contacting the 
cell with an agent which modulates HA protein activity or HA nucleic acid expression 

10 such that a cell associated activity is altered relative to this same activity in the absence 
of the agent. In a preferred embodiment, the cell is modulated for one or more C 
glutamicum processes involved in cell wall biosynthesis or rearrangements, metabolism 
of inorganic compounds, modification or degradation of aromatic or aliphatic 
compounds, or enzymatic or proteolytic activities. The agent which modulates HA 

1 5 protein activity can be an agent which stimulates HA protein activity or HA nucleic acid 
expression. Examples of agents which stimulate HA protein activity or HA nucleic acid 
expression include small molecules, active HA proteins, and nucleic acids encoding HA 
proteins that have been introduced into the cell. Examples of agents which inhibit HA 
activity or expression include small molecules and antisense Ha nucleic acid molecules. 

20 Another aspect of the invention pertains to methods for modulating yields of a 

desired compound from a cell, involving the introduction of a wild-type or mutant HA 
gene into a cell, either maintained on a separate plasmid or integrated into the genome of 
the host cell. If integrated into the genome, such integration can be random, or it can 
take place by homologous recombination such that the native gene is replaced by the 

25 introduced copy, causing the production of the desired compound from the cell to be 
modulated. In a preferred embodiment, said yields are increased. In another preferred 
embodiment, said chemical is a fine chemical, in a particularly preferred embodimeni, 
said fine chemical is an amino acid. In especially preferred embodiments; said amino 
acid is Lrlysine. 

30 

Detailed Description uf the Invention . 

The present invention provides HA nucleic acid and protein molecules which are 
involved in C. glutamicum cell wall biosynthesis or rearrangements, metabolism of 
inorganic compounds, modification or degradation of aromatic or aliphatic compounds, 
35 or that have a C glutamicum enzymatic or proteolytic activity. The molecules of the 
invention may be utilized in the modulation of production of fine chemicals from 
microorganisms, such as C. glutamicum, either directly (e.g., where overexpression or 
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optimization of activity of a protein involved in the production of a fine chemical (e.g., 
an enzyme) has a direa impact on the yield, production, and/or efficiency of production 
of a fine chemical from the modified C. glwumicurn), or an indirect impact which 
nonetheless results in an increase of yield, production, and/or efficiency of production of 
the desired compound (e.g., where modulation of the activity or number of copies of a 
C. gluiamicum aromatic or aliphatic modification or degradation protein results in an 
increase in the viability of C gluiamicum cells, which in turn permits increased 
production in a large-scale culture sewing). Aspects of the invention are further 
explicated below. ' 
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I. Fine Chemicals . 

The term "fine chemical' is art-recognired and includes molecules produced by 
\/^ an organism which have applications in various industries, such as, but not limited to, 

the pharmaceutical, agriculture, and cosmetics industries. Such compounds include 
15 organic acids, such as tartaric acid, itaconic acid, and diaminopimelic acid, both 
proteinogenic and non-proteinogenic amino acids, purine and pyrimidine bases, 
nucleosides, and nucleotides (as described e.g. in Kuninaka, A. (1 996) Nucleotides and 
related compounds, p. 561 -61 2, in Biotechnology vol. 6, Rehm et al., eds. VCH: 
Weinheirn, and references contained therein), lipids, both saturated and unsaturated fatty 
20 acids (e.g., arachidonic acid), diols (e.g., propane diol, and butane diol), carbohydrates 
(e.g., hyaluronic acid and trehalose), aromatic compounds (e.g., aromatic amines, 
vanillin, and indigo), vitamins and cofactors (as described ^ in Ullmann's Encyclopedia of 
Industrial Chemistry, vol. a2 7, "Vitamins", p. 443-613 (1996) VCH: Weinheirn and 
references therein; and Ong. A.S., Niki, £< & Packer, L..(199S) "Nutrition, Lipids, 
25 Health, and Disease" Proceedings of the UNESCO/Confederation of Scientific and 
~^0t Technological Associations in Malaysia, and the Society for Free Radical Research - 

) \ Asia, held Sept.. 1 -3, 1994 at Penang, Malaysia, AOCS Press, (1995)), enzymes, and all 

' other chemicals described in Gutcho (1983) Chemicals by Fermentation, Noyes Data 

Corporation, ISBN : 08 1 88Q5086 and references therein. The metabolism and uses of 
30 certain of these fine chemicals are further explicated below. - 

A. Amino Acid Metabolism and Uses 

Amino acids comprise the basic structural units of all proteins, and as such are 
essential for normal cellular functioning in all organisms. The term "amino acid" is an- 
3 5 recognized- The proteinogenic amino acids, of which there are 20 species, serve as 
structural units for proteins, in which they are linked by peptide bonds, while the 
nonproteinogenic amino acids (hundreds of which are known) are not normally found in 



proteins (see Ulmann's Encyclopedia of Industrial Chemistry, vol. A2, p. 57-97 VCH: 
Weinheim (1985)). Amino acids may be in the D- or L- optical configuration, though L- 
amino acids are generally the only type found in naturally-occurring proteins. 
Biosynthetic and degradative pathways of each of the 20 proteinogenic amino acids 
5 have been" well characterized in both prokaryotic and eukaryotic cells (see, for example, 
Stryer, L. Biochemistry, 3" edition, pages 578-590 (1988)). The essential' amino acids 
(histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, 
and valine), so named because they are generally a nutritional requirement due to the 
complexity of their biosynthesis, are readily converted by simple biosynthetic pathways 
10 to the remaining 1 1 'nonessential' amino 'acids (alanine, arginine, asparagine, aspartate, 
cysteine, glutamate, glutamine, glycine, proline, serine, and tyrosine). Higher animals 
do retain the ability to synthesize some of these amino acids, but the essential amino 
acids must be supplied from the diet in order for normal protein synthesis to occur. 
Aside from their function in protein biosynthesis, these amino acids are 
15 interesting chemicals in their own right, and many have been found to have various 
applications in the food, feed, chemical, cosmetics, agriculture, and pharmaceutical 
industries. Lysine is an important amino acid in the nutrition not only of humans, but 
- also of monogastric animals such as poultry and swine. Glutamate is most commonly 
used as a flavor additive (mono-sodium glutamate, MSG) and is widely used throughout 
20 the food industry, as are aspartate, phenylalanine, glycine, and cysteine. Glycine, L- 
methionine and tryptophan are all utilized in the pharmaceutical industry. Glutamine, 
valine, leucine, isoleucine, histidine, arginine, proline, serine and alanine are of use in 
both the pharmaceutical, and cosmetics industries. Threonine, tryptophan, and D/ L- 
methionine are common feed additives. (Leuchtenberger, W. (1996) Amino aids - 
25 technical production and use, p. 466-502 in Rehm et al. (eds.) Biotechnology vol. 6, 
chapter 14a, VCH: Weinheim). Additionally, these amino acids have been found to be 
useful as precursors tor the synthesis of synthetic amino acids and proteins, such as N- 
acetylcysteine, S-carboxymethyl-L-cysteine, (S)-5-hydroxytryptophan, and others 
described in Ulmann's Encyclopedia of Industrial Chemistry, vol. A2, p. 57-97, VCH: 
30 Weinheim, 1985. 

A The biosynthesis of these natural amino acids in organisms capable of 
producing them, such as bacteria, has been well characterized (for review of bacterial 
amino acid biosynthesis and regulation thereof, see Umbarger, H.E.(1978) Ann Rev. 
Biochem. 47: 533-606). Glutamate is synthesized by the reductive animation of a- 
35 ketoglutarate, an intermediate in the citric acid cycle. Glutamine, proline, and arginine 
are each subsequently produced from glutamate. The biosynthesis of serine is a three- 
step process beginning with 3-phosphoglycerate (an intermediate in glycolysis), and 
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resulting in this amino acid after oxidation, transamination, and hydrolysis steps. Both 
cysteine and glycine are produced from serine; the former by the condensation of 
homocysteine with serine, and the latter by xhe transferal of the side-chain P-carbon 
atom to tetrahydrofolate, in a reaction catalyzed by serine transhydroxyraethylase. 

5 Phenylalanine, and tyrosine are synthesized from the glycolytic and pentose phosphate 
pathway precursors erythrose 4-phosphate and phosphoenolpyruvate in a 9-step 
biosyntheric pathway that differ only at the final two steps after synthesis of prephenate. 
Tryptophan is also produced from these two initial molecules, but its synthesis is an 1 1- 
step pathway. Tyrosine may also be synthesized from phenylalanine, in a reaction 

10 catalyzed by phenylalanine hydroxylase. Alanine, valine, and leucine are all 

biosynthetic products of pyruvate, the final product of glycolysis. Aspartate is formed 
from oxaloacetate, an intermediate of the citric acid cycle. Asparagine, methionine, 
threonine, and lysine are each produced by the conversion of aspartate. Isoieucine is 
formed from threonine. A complex 9-step pathway results in the production of histidine 

1 5 from 5-phosphoribosyl- 1 -pyrophosphate, an activated sugar. 

Amino acids in excess of the protein synthesis needs of the cell cannot be stored, 
and are instead degraded to provide intermediates for the major metabolic pathways of 
the cell (for review see Stryer, L. Biochemistry 3 ra ed. Ch. 21 "Amino Acid Degradation 
and the Urea Cycle" p. 495-5 1 6 (1 988)). Although the cell is able to convert unwanted 

20 amino acids into useful metabolic intermediates, amino acid production is costly in 
terms of energy, precursor molecules, and the enzymes necessary to synthesize them. 
Thus it is not surprising that amino acid biosynthesis is regulated by feedback inhibition, 
in which the presence of a particular amino acid serves to slow or entirely stop its own 
production (for overview of feedback mechanisms in amino acid biosynthetic pathways, 

25 see Stryer, L. Biochemistry, 3 ra ed. Ch. 24: ^Biosynthesis of Amino Acids and Heme" p. 
575-600 (1988)). Thus, the output of any particular amino acid is limited by the amount 
of that amino acid present in the ceil. 

B. Vitamin. Cofaaor. and Nuiruvvutical Mtiabolism and Uses 
30 Vitamins, cofactors, and nutraceuncals comprise another group of molecules 

which the higher animals have lost the ability to synthesize and so must ingest, although 
they are readily synthesized by other organisms such as bacreria. These molecules are 
either bioacti ve substances themselves, or are precursors of biologically active 
substances which may serve as electron carriers or intermediates in a variety of 
35 metabolic pathways. Aside from their nutritive value, these compounds also have 
significant industrial value as coloring agents, antioxidants, and catalysts or other 
processing aids. (For an overview of the structure, activity, and industrial applications 



of these compounds, see. for example, Ullman's Encyclopedia of Industrial Chemistry, 
"Vitamins" vol. A27, p. 443-613, VCH: Weinheim, 1996.) The term "vitamin" is art- 
recognized, and includes nutrients which are required by an organism for normal 
functioning, but which that organism cannot synthesize by itself, The group of vitamins 

5 may encompass cofactors and nutraceutical compounds. The language "cofactor" 
includes nonproteinaceous compounds required for a normal enzymatic activity to 
occur. Such compounds may be organic or inorganic; the cofactor molecules of the 
invention are preferably organic. The term "nutraceutical" includes dietary supplements 
having health benefits in plants and animals, particularly humans. Examples of such 

10 molecules are vitamins, antioxidants, and also certain lipids (e.g., polyunsaturated fatty 
acids). 

The biosynthesis of these molecules in organisms capable of producing them, 
such as bacteria, has been largely characterized (Ullman's Encyclopedia of Industrial 
Chemistry, "Vitamins" vol. A27, p. 443-613, VCH- Weinheim, 1996; Michal, G. (1999) 
1 5 Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, John Wiley 
& Sons; Ong, A.S.,Niki, E. & Packer, L. (1995) "Nutrition, Lipids, Health, and 
Disease" Proceedings of the UNESCO/Confederation of Scientific and Technological 
Associations in Malaysia, and the Society for Free Radical Research - Asia, held Sept. 
1-3, 1994 at Penang, Malaysia, AOCS Press: Champaign, 1L X, 374 S). 
20 Thiamin (vitamin B t ) is produced by the chemical coupling of pyrimidine and 

thiazole moieties. Riboflavin (vitamin B 2 ) is synthesized from guanosine-5' -triphosphate 
(GTP) and ribose-S'-phosphate. Riboflavin, in turn, is utilized for the synthesis of flavin 
mononucleotide (FMN) and flavin adenine dinucleotide (f AD). The family of 
compounds collectively termed 'vitamin B 6 ' (e.g., pyridoxine, pyridoxamine, pyridoxa- 
25 5'-phosphate, and the commercially used pyridoxin hydrochloride) are all derivatives of 
the common structural unit, S-hydroxy-6-methylpyridine. Pantothenate (pantothenic 
acid, (R)-(^)-N-(2,4-<iihydroxy-3,3-dimethyl-l-oxobutyl)-p-alanine) can be produced 
either by chemical synthesis or by fermentation. The final steps in pantothenate 
biosynthesis consist of the ATP-driven condensation of ^-alanine and pantoic acid. The 
30 enzymes responsible for the biosynthesis steps Tor the conversion to pantoic acid, to |J- 
alanine and for the condensation to panthotenic acid are known. The metaboiically 
active form of pantothenate is Coenzyme A, for which the biosynthesis proceeds in 5 
enzymatic steps. Pantothenate, pyridoxal-5 '-phosphate, cysteine and ATP are the 
precursors of Coenzyme A. These enzymes not only catalyze the formation of 
35 panthoihante, but also the production of (R)-pantoic acid, (R)-pantolacton, (R)- 
panthenol (provitamin B 5 ), pantetheine (and its derivatives) and coenzyme A. 



- 12 - 



Biotin biosynthesis from the precursor molecule pimeloyl-CoA in 
microorganisms has been studied in detail and several of the genes involved have been 
identified. Many of the corresponding proteins have been found to also be involved in 
Fe-cluster synthesis and are members of the nifS class of proteins. Lipoic acid is 
derived from octanoic acid, and serves as a coenzyme in energy metabolism, where it 
becomes pan of the pyruvate dehydrogenase complex and the a-ketoglutarate 
dehydrogenase complex. The folates are a group of substances which are all derivatives 
of folic acid, which is turn is derived from L-glutamic acid, p-amino-benzoic acid and 6- 
methylpterin. The biosynthesis of folic acid and its derivatives, starting from the 
metabolism intermediates guanosine-5*-triphosphate (GTP), L-glutamic acid and p- 
amino-benzoic acid has been studied in detail in certain microorganisms. 

Coninoids (such as the cobalamines and particularly vitamin B, 2 ) and 
porphyrias belong to a group of chemicals characterized by a tetrapyrole ring system 
The biosynthesis of vitamin B« is sufficiently complex that it has not yet been 
completely characterized, but many of the enzymes and substrates involved are now 
known. Nicotinic acid (nicotinate), and nicotinamide are pyridine derivatives which are 
also termed -niacin' Niacin is the precursor of the important coenzymes NAD 
(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine dinucleotide 
phosphate) and their reduced forms. 

The large-scale production of these compounds has largely relied on cell-free 
chemical syntheses, though some of these chemicals have also been produced by large- 
scale culture of microorganisms, such as riboflavin, Vitamin B 6 , pantothenate, and 
biotin. Only Vitamin B i2 is produced solely by fermentation, due to the complexity of 
its synthesis. In viiro methodologies require significant inputs of materials and time, 
often at great cost. 

C. Purine. Pyrimidine, Nucleoside and Nucleotide Meiabolism and Uses 

Purine and pyrimidine metabolism genes and their corresponding proteins are 
s' important targets for the therapy of tumor diseases and viral infections. The language 
"purine" or "pyrimidine" includes the nitrogenous bases which are constituents of 
nucleic acids, co-enzymes, and nucleotides. The term "nucleotide" includes the basic 
structural units of nucleic acid molecules, which are comprised of a nitrogenous base, a 
pentose sugar (in the case of RNA, the sugar is ribose; in the case of DN A, the sugar is 
D-deoxyribose), and phosphoric acid. The language "nucleoside" includes molecules 
which serve as precursors to nucleotides, but which are lacking the phosphoric acid 
moiety that nucleotides possess. By inhibiting the biosynthesis of these molecules, or 
their mobilization to form nucleic acid molecules, it is possible to inhibit RNA and DNa 




synthesis; by inhibiting this activity in a fashion targeted to cancerous cells, the ability 
of tumor cells to divide and replicate may be inhibited. Additionally, there are 
nucleotides which do not form nucleic acid molecules, but rather serve as energy stores 
(i.e., AMP) or as coenzymes (i.e., f Ap and NAD). 
5 Several publications have described the use of these chemicals for these medical 

indications, by influencing purine and/or pyrimidine metabolism (e.g. Christopherson, 
R.I. and Lyons, S.D. (1 990) "Potent inhibitors of de novo pyrimidine and purine 
biosynthesis as chemotherapeutic agents." Med Res Reviews 10: 505-548). Studies of 
enzymes involved in purine and pyrimidine metabolism have been focused on the 

1 0 development of new drugs which can be used, for example, as immunosuppressants or 
anti-proliferants (Smith, J.L., (1995) ''Enzymes in nucleotide synthesis." Curr Opin 
Struct. Biol 5- 752-757; (1995) Biochem Sac Transact 23: 877-902). However, purine 
and pyrimidine bases, nucleosides and nucleotides have other utilities: as intermediates 
in the biosynthesis of several fine chemicals (e.g., thiamine, S-adenosyl-raethionine, 

1 5 folates, or riboflavin), as energy carriers tor the cell (e.g., ATP or GTP), and for 

chemicals themselves, commonly used as flavor enhancers (e.g., IMP or GMP) or for 
several medicinal applications (see, for example, Kuninaka, A. (1996) Nucleotides and 
Related Compounds in Biotechnology vol. 6, Rehm et al., eds. VCH: Weinheim, p. 561- 
612). Also, enzymes involved in purine, pyrimidine, nucleoside, or nucleotide 

20 metabolism are increasingly serving as targets against which chemicals for crop 
protection, including fungicides, herbicides and insecticides, are developed. 

The metabolism of these compounds in bacteria has been characterized (for 
reviews see, for example, Zalkin, H. and Dixon, J.E. (1992) "de novo purine nucleotide 
biosynthesis", in: Progress in Nucleic Acid .Research and Molecular Biology, vol. 42, 

25 Academic Press:, p. 259-287; and Michal, G. (1999) ^Nucleotides and Nucleosides", 
Chapter 8 in: Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology, 
Wiley: New York). Purine metabolism has been the subject of intensive research, and is 
essential to the normal functioning of the cell. Impaired purine m^iabolism in higher 
animals can cause severe disease, such as gout. Purine nucleotides are synthesized from 

30 ribose-5-phosphate, in a series of steps through the intermediate compound inosine-S'- 
phosphate (IMP), resulting in the production of guanosine-5' -monophosphate (GMP) or 
adenosine-S'-monophosphate (AMP), from which the triphosphate forms utilized as 
nucleotides are readily formed. These compounds are also utilized as energy stores, so 
their degradation provides energy for many different biochemical processes in the cell. 

35 Pyrimidine biosynthesis proceeds by the formation of uridine-S'-monophosphate (UMP) 
from ribose-5-phosphate. UMP, in turn, is converted to cytidine- 5 7 -triphosphate (CTP). 
The deoxy- forms of all of these nucleotides are produced in a one step reduction 



reaction from the diphosphate ribose form of the nucleotide to the diphosphate 
deoxyribose form of the nucleotide. Upon phosphorylation, these molecules are able to 
participate in DNA synthesis. 

5 D. Trthalost Metabolism and Uses 

Trehalose consists of two glucose molecules, bound in a, a-1,1 linkage. It is 
commonly used in the food industry as a sweetener, an additive for dried or frozen 
foods, and in beverages. However, it also has applications in the pharmaceutical, 
cosmetics and biotechnology industries (see, for example, Nishimoto et al., (1998) U.S. 

10 Parent No. 5.759.610; Singer. M.A. and Lindquist, S. (1998) Trends Biotech. 16: 460- 
467; Paiva, C.L.A, and Panek. A.D. (1996) Biotech. Ann. Rev. 2. 293-314; and 
Shiosaka, M. (1 997) J. Japan 1 72: 97-1 02). Trehalose is produced by enzymes from 
many microorganisms and is naturally released into the surrounding medium, from 
which it can be collected using methods known in the an. 

15 

II. Maintenance of Homeostasis in C. yluxamicum and Environmental Adaptation 

The metabolic and other biochemical processes by which ceils function are 
sensitive to environmental conditions such as temperature, pressure, solute 
concentration, and availability of oxygen. When one or more such environmental 

20 condition is perturbed or altered in a fashion that is incompatible with the normal 
functioning of these cellular processes, the cell must act to maintain an intracellular 
environment which will permit them to. occur despite the hostile extracellular 
environment. Gram positive bacterial cells, such as C. gluiamicum cells, have a number 
of mechanisms by which internal homeostasis may be maintained despite unfavorable 

25 extracellular conditions. These include a cell wall, proteins which are able to degrade 
'possibly toxic aromatic and aliphatic compounds, mechanisms of proteolysis whereby 
' misfolded or misregulated proteins may be rapidly destroyed, and catalysts which permit 
intracellular reactions to occur which would not normally take place under the 
conditions optimal for bacterial growth. 

30 Aside from merely surviving in a hostile environment, bacterial cells (e.g. C 

gluiamicum cells) are also frequently able to adapt such that they are able to take 
advantage of such conditions. For example, cells in an environment lacking desired 
carbon sources may be able to adapt to growth on a less-suitable carbon source Also, 
cells may be able to utilize less desirable inorganic compounds when the commonly 

35 utilized ones are unavailable. C gluiamicum cells possess a number of genes which 
permit them to adapt to utilize inorganic and organic molecules which they would 
normally not encounter under optimal growth conditions as nutrients and precursors for 
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metabolism. Aspects of cellular processes involved in homeosiasis and adaptation are 
further explicated below. 

A Modification and Degradation of Aromatic and Aliphatic Compounds 
5 Bacterial cells are routinely exposed to a variety of aromatic and aliphatic 

compounds in nature. Aromatic compounds are organic molecules having a cyclic ring 
structure, while aliphatic compounds are organic molecules having open chain structures 
rather than ring structures. Such compounds may arise as by-products of industrial 
processes (e.g., benzene Or toluene), but may also be produced by certain microorganisms 
10 (eg, alcohols). Many of these compounds are toxic to cells, particularly the aromatic 

compounds, which are highly reactive due to the high-energy ring structure. Thus, certain 
bacteria have developed mechanisms by which they are able to modify or degrade these 
compounds such that they are no longer hazardous to the cell. Cells may possess enzymes 
that are able to, for example, hydroxylate, isomerize, or methylate aromatic or aliphatic 
15 compounds such that they are either rendered less toxic, or such that the modified form is 
able to be processed by standard cellular waste and degradation pathways. Also, cells may 
possess enzymes which are able to specifically degrade one or more such potentially 
hazardous substance, thereby protecting the cell. Principles and examples of these types of 
modification and degradation processes in bacteria are described in several publications, 
20 e.g.. Sahm, H. (1 999) '-Procaryotes in Industrial Production" in Lengeler, J.W. et al., eds. 
Biology of the Procaryotes, Thieme Verlag: Stuttgart; and Schlegel, H.G. (1992) 
Allgerneine Mikrobiologie, Thieme: Stuttgart). 

Aside from simply inactivating hazardous aromatic or aliphatic compounds, many 
bacteria have evolved to be able to utilize these compounds as carbon sources for continued 
25 metabolism when the prefenred carbon sources of the ceil are not available. For example, 
Pseudomonas strains able to utilize toluene, benzene, and 1,10-dichlorodecane as carbon 
sources are known (Chang, B.V. et al. (1997) Chemosphere 35(12): 2807-2815; Wischnak, 
C. et al. (1 998) Appl Environ. Microbiol. 64(9): 3507-351 1 ; Churchill, S.A. et al. (1 999) 
Appl Environ Microbiol. 65(2): 549-552). There are similar examples from many other 
30 bacterial species which are known in the an. 

The ability of certain bacteria to modify or degrade aromatic and aliphatic 
compounds has begun to be exploited. Petroleum is a complex mixture of chemicals which 
includes aliphatic molecules and aromatic compounds. By applying bacteria having the 
ability to degrade or modify these toxic compounds to an oil spill, for example, it is possible 
35 to eliminate much of the environmental damage with high efficiency and low cost (see, for 
example. Smith. MR. ( 1 990) 'The biodegradation of aromatic hydrocarbons by bacteria" 



Biodegradarion 1(2-3): 191-206; and Suyama, T. et al. (1998) "Bacterial isolates degrading 
aliphatic polycarbonates," FEMS Microbial Leu. 161(2): 255-261). 

B Metabolism of Inorganic Compounds 

Cells (e.g., bacterial cells) contain large quantities of different molecules, such as 
water inorganic ions, and organic substances (e.g., proteins, sugars, and other 
macromolecules). The bulk of the mass of a typical cell consists of only 4 types of atoms: 
carbon, oxygen, hydrogen, and nitrogen. Although they represent a smaller percentage of 
the content of a cell, inorganic substances are equally as important to the proper functioning 
of the cell. S uch molecules include phosphorous, sulfur, calcium, magnesium, iron, zinc, 
manganese, copper, molybdenum, tungsten, and cobalt. Many of these compounds are 
critical for the construction of important molecules, such as nucleotides (phosphorous) and 
amino acids (nitrogen and sulfur). Others of these inorganic ions serve as cofactors for 
enzymic reactions or contribute to osmotic pressure. All such molecules must be taken up 
by the bacterium from the surrounding environment. 

For each of these inorganic compounds it is desirable for the bacterium to take up 
the form which can be most readily used by the standard metabolic machinery of the cell. 
However, the bacterium may encounter environments in which these preferred forms arc not 
readily available. In order to survive under these circumstances, it is important for bacteria 
to have additional biochemical mechanisms which are able to convert less metabolically 
active but readily available forms of these inorganic compounds to ones which may be used 
in cellular metabolism. Bacteria frequently possess a number of genes encoding enzymes 
for this purpose, -which are not expressed unless the desired inorganic species are not 
available. Thus, these genes for the metabolism of various inorganic compounds serve as 
another tool which bacteria may use to adapt to suboptimal environmental conditions. 

After carbon, the most important element in the cell is nitrogen, A typical bacterial 
cell contains between 12-15% nitrogen. It is a constituent of amino acids and nucleotides, 
as well as many other important molecules in the cell. Further, nitrogen may serve as a 
substitute for oxygen as a terminal electron acceptor in energy metabolism. Good sources 
of nitrogen include many organic and inorganic compounds, such ammonia gas or ammonia 
salts (e.g., >JR»C1, (NH^SCU, or NH 4 OH), nitrates, urea, amino acids, or complex nitrogen 
sources like corn steep liquor, soy bean flour, soy bean protein, yeast extract, meat extract, 
etc. Ammonia nitrogen is fixed by the action of particular enzymes: glutamate 
dehydrogenase, glutamine synthase, and glutamine-2-oxoglutarate aminotransferase. The 
transfer of amino-nitrogen from one organic molecule to another is accomplished by the. 
aminotransferases, a class of enzymes which transfer one amino group from an alpha-amino 
acid to an alpha-keto acid. Nitrate may be reduced via nitrate reductase, nitrite reductase, 



^and further redox enzymes until it is convened to molecular nitrogen or ammonia, which 
may be readily utilized by the cell in standard metabolic pathways. 

Phosphorous is typically found intracellular^ in both organic and inorganic forms, 
and may be taken up by the cell in either of these forms as well, though most 
5 microorganisms preferentially take up inorganic phosphate. The conversion of organic 
phosphate to a form, which the cell can utilize requires the action of phosphatases (e.g., 
' phytases, which hydrolyze phyate-yielding phosphate and inositol derivatives). Phosphate 
is a key element in the synthesis of nucleic acids, and also has a significant role m cellular 
energy metabolism (e.g., in the synthesis of ATP, ADP, and AMP). 
0 Sulfur is acquirement for the synthesis of amino acids (e.g., methionine and 

cysteine), vitamins (e.g., thiamine, biotin, and lipoic acid) and iron sulfur proteins. Bacteria 
obtain sulfur primarily from inorganic sulfate, though thiosulfate, sulfite, and sulfide are 
also commonly utilized. Under conditions where these compounds may not be readily 
available, many bacteria express genes which enable them to utilize sulfonate compounds 
5 such as 2-aminosulfonate (taurine) (Kertesz, M.A. (1993) "Proteins induced by sulfate 
limitation in Escherichia coli, Pscudomonas putida, or Staphylococcus aureus." J. 
BucterioL 175: 1187-1190), 

Other inorganic atoms, e.g., metal or calcium ions, are also critical for the 
viability of cells. Iron, for example, plays a key role in redox reactions and is a cofactor 
!0 of iron-sulfur proteins, heme proteins, and cytochromes. The uptake of iron into 
bacterial cells may be accomplished by the action of siderophof es, chelating agents 
which bind extracellular iron ions and translocate ihem to the interior of the cell. For 
reference on the metabolism of iron and other inorganic compounds, see: Lengeler et al. 
(1999) Biology of pTokaryotes, Thieme Verlag: Stuttgart: Neidhardt, F.C. et al., eds. 
25 Escherichia colt and Salmonella. ASM Press: Washington, D.C.; Sonenshein, A.L. et 
al., eds. (199?) Bacillus subrilh and Other Gram-Positive Bacteria, ASM Press: 
Washington, D.C.; Voet, D. and Voet, J.G . (1 992) Biochemie, VCH: Weinheim; Brock, 
T.D. and Madigan, M.T. (1991) Biology of Microorgansisms, 6 m ed. Prentice Hall: 
Englewood Cliffs, p. 267-269; Rhodes, P.M. and Stanbury, P.P. Applied Microbial 
30 Physiology - A Practical Approach, Oxford Univ. Press: Oxford. 

C. Enzymes and Proteolysis 

The intracellular conditions for which bacteria such as C gluramicum arc 
optimized are frequently not conditions under which many biochemical reactions would 
3 5 normally take place. In order to make such reactions proceed under physiological 
conditions, cells utilize enzymes. Enzymes are proteinaceous biological catalysts, 
spatially orienting reacting molecules or providing a specialized environment such that 



the energy barrier 10 a biochemical reaction is lowered. Different enzymes catalyze 
different reactions, and each enzyme may be the subject of transcriptional, translation^ 
or postradiational regulation such that the reaction will only take place under 
appropriate conditions and at specified times. Enzymes may contribute to the 
5 degradation (e.g., the proteases), synthesis (e.g., the synthases), or modification (e.g., 
Transferases or isomerases) of compounds, all of which enable the production of 
necessary compounds within the cell. This, in mm, contributes to the maintenance of 

cellular homeostasis. 

However, the fact that enzymes are optimized for activity under the 
10 physiological conditions at which the bacterium is most viable means that when 

environmental conditions are perturbed, there is a significant possibility that enzyme 
activity will also be perturbed. For example, changes in temperature may result in 
aberrantly folded proteins, and the same, is true for changes of pH - protein folding is 
largely dependent on electrostatic and hydrophobic interactions of amino acids within 
1 5 the polypeptide chain, so any alteration to the charges on individual amino acids (as 
might be brought about by a change in cellular pH) may have a profound effect on the 
ability of the protein to correcdy fold. Changes in temperature effectively change the 
amount of kinetic energy that the polypeptide molecule possesses, which affects the 
ability of the polypeptide to settle into a con-ectly folded, energetically stable 
20 configuration. Misfolded proteins may be harmful to the cell for two reasons. First, the 
aberrantly folded protein may have a similarly aberrant activity, or no activity 
whatsoever. Second, misfolded proteins may lack the conformational regions necessary 
for proper regulation by other cellular systems and thus may continue to be active but in 
an uncontrolled fashion. 
25 The cell has a mechanism by which misfolded enzymes and regulatory proteins 

may be rapidly destroyed before any damage occurs to The cell: proteolysis. Proteins 
such as Those of The la/Ion family and Those of The Clp family specifically recognize and 
degrade misfolded proteins (see, e.g., Sherman, M.Y., Goldberg, A.L. (1999) £XS 77: 
57-78 and references therein and Porankiewicz J. (1999) Molec. Microbiol. 32(3): 449- 
30 58, and references Therein; Neidhardt, F.C., eT al. (1996) £. coli and Salmonella, ASM 
Press: Washington, D.C. and references therein; and Pritchard, G.G., and Coolbear, T. 
(1993) FEMS Microbiol. Rev. 12(1-3): 179-206 and references therein). These enzymes 
bind to misfolded or unfolded proteins and degrade them in an ATP-dependent manner. 
Proteolysis thus serves as an important mechanism employed by the cell to prevent 
35 damage to normal cellular functions upon environmental changes, and it further permits 
cells td survive under conditions and in environments which would oTherwise be toxic 
due to misregulated and/or aberrant enzyme or regulatory activity. 



Proteolysis also has important functions in the ceil under optimal environmental 
conditions. Within normal metabolic processes, proteases aid in the hydrolysis of 
peptide bonds, in the catabolism of complex molecules to provide necessary degradation 
products, and in protein modification. Secreted proteases play an important role in the 

5 catabolism of external nutrients even prior to the entry ; of these compounds into the cell. 
Further, proteolytic activity itself may serve regulatory functions; sporulation in B 
subnhsznd cell cycle progression in Caulobacter spp.are known to be regulated by key 
proteolytic events in each of these species (Gottesman, S. (1999) Curr. Opm. Microbiol 
2(2): 142-147). Thus, proteolytic processes are key for cellular survival under both 

1 0 suboptimal and optimal environmental conditions, and contribute to the overall 
maintenance of homeostasis in cells. 

D. Cell Wall Production and Rearrangements 

While the biochemical machinery of the cell may be able to readily adapt to different 

15 and possibly unfavorable environments, cells sull require a general mechanism by Which 
they may be protected from the environment. For many bacteria, the cell wall affords such 
protection, and also plays roles in adhesion, cell growth and division, and transport of 
desired solutes and waste materials. 

■> In order to function, cells require intracellular concentrations of metabolites and 

20 other molecules that are substantially higher than those of the surrounding media. Since 
these metabolites are largely prevented from leaving the cell due to the presence of the 
hydrophobic membrane, the tendency of the system is for water molecules to enter the cell 
from the external medium such that the interior concentrations of solutes match the exterior 
concentrations. Water molecules are readily able to cross the cellular membrane, and this 

25 membrane is not able to withstand the resulting swelling and pressure, which may lead to 
osmoric lysis of the cell. The rigidity of the cell wall greaily improves the ability of the cell 
to tolerate these pressures, and offers a further barrier to the unwanted diffusion of these 
metabolites and desired solutes from the cell. Similarly, the cell wall also serves to prevent 
unwanted material from entering the cell. 

30 The cell wall also participates in a number of other cellular processes, such as 

adhesion and cell growth and division. Due to the fact that the cell wail completely 
surrounds the cell, any interaction of the cell with its surroundings must be mediated by the 
cell wall. Thus, the cell wall must participate in any adherence of the cell to other cells and 
to desired surfaces. Further, the cell cannot grow or divide without concomitant changes in 

35 the cell wall. Since the protection that the wall affords requires its presence during growth, 
morphogenesis and multiplication, one of the key swps in cell division is cell wall synthesis 
within the cell such that a'new celf divides from the old. Thus, frequently cell wall 



biosynthesis is regulated in tandem with cell growth and cell division (see, e.g., Sonenshein, 
AX. ei al, eds. (1993) Bacillus subtilis and Other Gram-Positive Bacteria, ASM: 
Washington, D.C.). 

The structure of the cell wall varies between gram-positive and gram-negative 
bacteria However, in both types, the fundamental structural unit of the wall remains 
similar: an overlapping lattice of two polysaccharides, N-acetyl glucosamine (NaG) and N- 
acetyl muramic add (NAM) which are cross-linked by amino acids (most commonly L- 
alanine, D-glutamate, diaminopimelic acid, and D-alanine), termed -peptidoglycan'. The 
processes involved in the synthesis of the cell wall are known (see, e.g., Michal, G., ed. 
(1999) Biochemical Pathways: An Atlas of Biochemistry and Molecular Biology. Wiley: 
New York). 

In gram-negative bacteria, the inner cellular membrane is coated by a single-layered 
peptidoglycan (approximately 1 0 nm thick), termed the murein-sacculus. This 
peptidoglycan struaure is very rigid, and its structure determines the shape of the organism. 
The outer surface of the murein-sacculus is covered with an outer membrane, containing 
porins and other membrane proteins, phospholipids, and lipopolysaccharides. To maintain a 
tight association with the outer membrane, the gram-negative cell wall also has interspersed 
lipid molecules which serve to anchor it to the surrounding membrane. 

In gram-positive bacteria, such as Corynebucterium glutamicum, the cytoplasmic 
membrane is covered by a multi-layered peptidoglycan, which ranges from 20-80 nm in 
thickness (see, e.g., Lengeler et al. (1999) Biology of Prokaryotes Thieme Verlag: Stuttgart, 
p. 913-918. p. 875-899, and p. 88-109 and references therein). The gram-positive cell wall 
also contains teichoic acid, a polymer of glycerol or ribitol linked through phosphate groups. 
Teichoic acid is also able to associate with amino acids, and forms covalent bonds with 
muramic acid. Also present in the cell wall may be lipoteichoic acids and teichuronic acids, 
if present, cellular surface structures such as flagella or capsules will be anchored in this 
layer as well. ; 

111. Elements and Methods of the Invention 

The present invention is based, at least in part, oh the discovery of novel 
molecules, referred to herein as HA nucleic acid and protein molecules, which 
participate in the maintenance of homeostasis in C glutamicum, or which perform a 
function involved in the adaptation of this microorganism to different environmental 
conditions. In one embodiment, the HA molecules participate in C glutamicum cell wall 
biosynthesis or rearrangements, in the metabolism of inorganic compounds, in the 
modification or degradation of aromatic or aliphatic compounds, or have an enzymatic 
. or proteolytic activity. In a preferred embodiment, the activity of the HA molecules of 
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the present invention with regard to C gluiamicum cell wall biosynthesis or 
rearrangements, metabolism of inorganic compounds, modification or degradation of 
aromatic or aliphatic compounds, or enzymatic or proteolytic activity has an impact on 
the production of a desired fine chemical by this organism. In a particularly preferred 
embodiment, the HA molecules of the invention are modulated in actmty, such that the 
C glutamics cellular processes in which the HA molecules participate (e.g., C 
gluiamicum cell wall biosynthesis or rearrangements, metabolism of morgamc 
compounds, modification or degradation of aromatic or aliphatic compounds, or 
enzymatic or proteolytic activity^ are also altered in activity, resulting either directly or 
indirectly in a modulation of the yield, production, and/or efficiency of producuon of a 
desired fine chemical by C gluiamicum. 

The language, -HA protein" or "HA polypeptide" includes proteins which 
participate in a number of cellular processes related to C. gluiamicum homeostasis or the 
ability of C gluiamicum cells to adapt to unfavorable environmental conditions. For v 
15 example, an HA protein may be involved in C. gluiamicum cell wall biosynthesis or 
rearrangements, in the metabolism of inorganic compounds in C gluiamicum, in the 
modification or degradation of aromatic or aliphatic compounds in C. gluiamicum, or 
have a C. gluiamicum enzymatic or proteolytic activity. Examples of HA proteins 
include those encoded by the HA genes set forth in Table 1 and Appendix A. The terms 
20 "HA gene" or ~HA nucleic acid sequence" include nucleic acid sequences encoding an 
~ HA protein, which consist of a coding region and also corresponding untranslated 5' and 
3' sequence regions. Examples of HA genes include those set forth in Table 1 . The 
' terms "production" or '"productivity" are art-recognized and include the concentration of 
the fermentation product (for example, the desired fine chemical) formed within a given 
?S ' time and a given fermentation volume (e.g., kg product per hour per liter). The term 

"efficiency of production" includes the time required for a particular level of production 
to be achieved (for example, how long it takes for the cell to attain a particular rate of 
output of a fine chemical). The term "yield" or "product/carbon yield" is art-recognized 
and includes the efficiency of the conversion of the carbon source into the product (i.e., 
30 fine chemical). This is generally written as, for example, kg product per kg carbon 
source. By increasing the yield or production of the compound, the quantity of 
recovered molecules, or of useful recovered molecules of that compound in a given ^ 
amount of culture over a given amount of time is increased. The terms "biosynthesis", or 
a "biosynthetic pathway" are art-recognized and include the synthesis of a compound, 
35 preferably an organic compound, by a cell from intermediate compounds in what may 
be a multistep and highly regulated process. The terms "degradation" or a "degradauon 
pathway" are art-recognized and include the breakdown of a compound, preferably an 



organic compound, by a cell to degradation products (generally speaking, smaller or less 
■ complex molecules) in .hat may be a multisteo and highly regulated process^ The 
lang uage ^me tabolism- is art-recognized and includes the totality of the biochemical 
reactions that take place in an organism. The metabolism of a particular compound, 
5 then (e g the metabolism of an amino acid such as glycine) comprises the overall 
biosynthetic, modification, and degradation pathways in the cell related to this 
compound. The term "homeostasis" is art-recognized and includes all of the 
mechanisms utilized by a cell to maintain a constant intracellular environment despite 
the prevailing extracellular environmental conditions. A non-limiting example at such 
10 processes is the utilization of a cell wall to prevent osmotic lysis due to high intracellular 
solute concentrations. The term '"adaptation" or "adaptation to an environmental 
condition-is an-rccogni^ed and includes mechanisms utilized by the cell to render the 
cell able to survive under nonpreferred environmental conditions (generally speaking, 
those environmental conditions in which one or more favored nutrients are absent, or in 
1 5 which an environmental condition such as temperature, pH, osmolarity , oxygen 
percentage and the like fall outside of the optimal survival range of the cell). Many 
cells, including C gluiamicum cells, possess genes encoding proteins which are 
expressed under such environmental conditions and which permit continued growth in 
such suboptimal conditions. 
20 In another embodiment, the HA molecules of the invention are capable of 

modulating the production of a desired molecule, such as a fine chemical, in a 
microorganism such as C. gluiamicum. There are a number of mechanisms by which 
the alteration of an HA protein of the invention may directly affect the yield, production, 
and/or efficiency of production of a fine chemical from a C. gluiamicum strain 
25 incorporating such an altered protein, for example, by engineering enzymes which 
modify or degrade aromatic or aliphatic compounds such that these enzymes are 
increased or decreased in activity or number, it may be possible to modulate the 
production of one or more fine chemicals which are the modification or degradation 
products of these compounds Similarly, enzymes involved in the metabolism of 
30 inorganic compounds provide key molecules (e.g. phosphorous, sulfur, and nitrogen 
molecules) for the biosynthesis of such fine chemicals as amino acids, vitamins, and 
nucleic acids. By altering the activity or number of these enzymes in C. gluiamicum, h 
may be possible to increase the conversion of these inorganic compounds (or to use 
alternate inorganic compounds) to thus permit improved rates of incorporation of 
35 inorganic atoms into these fine chemicals. Genetic engineering of C gluiamicum 

enzymes involved in general cellular processes may also directly improve fine chemical 
. production, since many of these enzymes directly modify fine chemicals (e.g., amino 
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acids) or the enzymes which are involved in fine chemical synthesis or secretion. 

Modulation of the activity or number of cellular proteases may also have a direct effect 

on fine chemical production, since many proteases may degrade fine chemicals or 

enzymes involved in fine chemical production or breakdown. 

further the aforementioned enzymes which participate in aromatic/aliphatic 

compound modification or degradation, general biocatalysis, inorganic compound 
metabolism or proteolysis are each themselves fine chemicals, desirable for their activity 
in various m vim, industrial applications. By altering the number of copies of the gene 
for one or more of these enzymes in C. glutumicum it may be possible to increase the , 
number of these proteins produced by the cell, thereby increasing the potential yield or 
efficiency of production of these proteins from large-scale C. glutumicum or related 
bacterial cultures. 

The alteration of an Ha protein of the invention may also indirectly affect the 
yield production, and/or efficiency of production of a fine chemical from a C. 
glutumicum strain incorporating such an altered protein. For example, by modulating 
the activity and/or number of those proteins involved in the construction or 
rearrangement of the cell wall, it may be possible to modify the structure of the cell wall 
itself such that the cell is able to better withstand the mechanical and other stresses 
present during large-scale fermentative culture. Also, large-scale growth of C 
glutumicum requires significant cell wall production. Modulation of the activity or 
number of cell wall biosynthetic or degradative enzymes may allow more rapid rates of 
cell wall biosynthesis, which in turn may permit increased growth rates of this 
microorganism in culture and thereby increase the number of cells producing the desired 
tine chemical. 

By modifying the HA enzymes of the invention, one may also indirectly impact 
the yield, production, or efficiency of production of one or more fine chemicals from C. 
glutumicum. for example, many of the general enzymes in C. glutamicum may have a 
significant impact on global cellular processes (e.g., regulatory processes) which in turn 
have a significant effect on fine chemical metabolism. Similarly, proteases, enzymes 
which modify or degrade possibly toxic aromatic or aliphatic compounds, and enzymes 
which promote the metabolism of inorganic compounds all serve to increase the 
viability of C. glutumicum. The proteases aid in the selective removal of misfolded or 
misregulated proteins, such as those that might occur under the relatively stressful 
environmental conditions encountered during large-scale fermentor culture. By altering 
these proteins, it may be possible to further enhance this activity and to improve the 
• viability of C glutumicum in culture. The aromatic/aliphatic modification or 
degradation proteins not only serve to detoxify these waste compounds (which may be 
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encountered as impurities in culture medium or as waste products from cells 

themselves), but also to permit the cells to utilize alternate carbon sources ifthe optimal 

carbon source is limiting in the culture By increasing their number and/or activity, the 

survival of C: glutamicum cells in culture may be enhanced. The inorganic metabolism 

proteins of the invention supply the cell with inorganic molecules required for all protein 

and nucleotide (among others) synthesis, and thus are critical for the overall viability of 

the cell. An increase in the number of viable cells producing one or more desired fine 

chemicals in large-scale culture should result in a concomitant increase in the yield, 

production, and/or efficiency of production of the fine chemical in the culture. 

The isolated nucleic acid sequences of the invention are contained within the 

genome of a Corynebacterium glutamicum strain available through the American Type 

Culture Collection, given designation ATCC 13032: The nucleotide sequence of the 

isolated C glutamicum HA cDNAs and the predicted amino acid sequences of the C 

glutamicum HA proteins are shown in Appendices A and B, respectively. 

Computational analyses were performed which classified and/or identified these 

nucleotide sequences as sequences which encode proteins that participate in C 

glutamicum cell wall biosynthesis or rearrangements, metabolism of inorganic 

compounds, modification or degradation of aromatic or aliphatic compounds, or that 

have a C. glutamicum enzymatic or proteolytic activity. 

The present invention dso pertains to protems which have an amino acid 

sequence which is substantially homologous to an amino acid sequence of Appendix B. 
As used herein, a protein which has an amino acid sequence which is substantially 
homologous to a selected amino acid sequence is least about 50% homologous to the 
selected amino acid sequence, e.g., the entire selected amino acid sequence. A protein 
which has an amino acid sequence which is substantially homologous to a selected 
amino acid sequence can also be least about 50-60%, preferably at least about 60-70%, 
and more preferably at least about 70-80%, 80-90%, or 90-95%, and most preferably at 
leas: about 96%, 97%, 98%, 99% or more homologous to the selected amino acid 
sequence. 

The HA protein Or a biologically active portion or fragment thereof of the 
invention can participate in the maintenance of homeostasis in C glutamicum, or can 
perform a function involved in the adaptation of this microorganism to different 
environmental conditions, or have one or more of the activities set forth in Table. 1 . 

Various aspects of the invention are described in further detail in the following 
subsections. 



A Isolated Nucleic Avid Molecule* 

One aspect of the invention pertains to isolated nucleic,acid molecules that 
encode HA polypeptides or biologically active portions thereof, as well as nucleic acid 
fragments sufficient for use as hybridization probes or primers for the identification or 
5 amplification of HA-encoding nucleic acid (e.g., HA DNA). As used herein, the term 
-nucleic acid molecule" is intended to include DNA molecules (e.g., cDNA or genomic 
DNA) and RNA molecules (e.g., mRNA) and analogs of the DNA or RNA generated 
using nucleotide analogs. This term also encompasses untranslated sequence located at 
both the 3" and 5' ends of the coding region of the gene: at least about 100 nucleotides 
0 of sequence upstream from the 5' end of the coding region and at least about 20 

nucleotides of sequence downstream from the 3'end of the coding region of the gene. 
The nucleic acid molecule can be single-stranded or double-stranded, but preferably is 
double-stranded DNA. An "isolated" nucleic acid molecule is one which is separated < 
from other nucleic acid molecules which are present in the natural source of the nucleic 
15 acid. Preferably, an "isolated" nucleic acid is free of sequences which naturally flank 
the nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid) in the 
genomic DNA of the organism from which the nucleic acid is derived. For example, in 
various embodiments, the isolated HA nucleic acid molecule can contain less than about 
5 kb, 4kb, 3kb, 2kb, 1 kb, 0.5 kb or 0. 1 kb of nucleotide sequences which naturally flank 
20 the nucleic acid molecule in genomic DN A of the cell from which the nucleic acid is 
derived (e.g, a C. gluiamicum cell). Moreover, an "isolated" nucleic acid molecule, such 
asa cDNA molecule, can be substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or chemical precursors or other 
chemicals when chemically synthesized. 
25 A nucleic acid molecule of the present invention, e.g., a nucleic acid molecule 

having a nucleotide sequence of Appendix A* or a portion thereof can be isolated using 
standard molecular biology techniques and the sequence information provided herein. 
For example, a C. gluiamicum HA cDKA can be isolated from a C. gluiamicum library 
using all or portion of one of the sequences of Appendix A as a hybridization probe and 
30 standard hybridization techniques (e.g., as described in Sambrook, J , Fritsh, E. f ., and 
Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd. ed.. Cold Spring Harbor 
Laboratory. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of one of the sequences 
of Appendix A can be isolated by the polymerase chain reaction using oligonucleotide 
3 5 primers designed based upon this,sequence (e.g., a nucleic acid molecule encompassing 
all or a portion of one of the sequences of Appendix A can be isolated by the polymerase 
chain reaction using oligonucleotide primers designed based upon this same sequence of 
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Appendix A), for example, mRNA can be isolated from normal endothelial cell* (e.g., 
by the euanidinium-thiocyanaxe extraction procedure of Chirgwin et al. (1 979) 
Biochemistry 1 8: 5294-5299) and cDNA can be prepared using reverse transcriptase 
ie a Moloney MLV reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
5 ' or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg, 
FL) Synthetic oligonucleotide primers for polymerase chain reaction amplifier can 
be designed based upon one of the nucleotide sequences shewn in Appendix A. A 
nucleic acid of the invention can be amplified using cDNA or, alternatively, genomic 
DNA as a template and appropriate oligonucleotide primers according to standard PGR 
10 amplification techniques. The nucleic acid so amplified can be cloned into an 
appropriate vector and characterized by DNA sequence analysis, furthermore, 
m oligonucleotides corresponding to an HA nucleotide sequence can be prepared by 

^* . standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
15 comprises one of the nucleotide sequences shown in Appendix A. The sequences of 
Appendix A correspond to the Corynebacierium glunmicum HA cDNAs of the 
invention. This cDNA comprises sequences encoding HA proteins (i.e., "the coding 
region", indicated in each sequence in Appendix A), as well as 5' untranslated sequences 
and 3' untranslated sequences, also indicated in Appendix A. Alternatively, the nucleic 
20 acid molecule can comprise only the coding region of any of the sequences in Appendix 

A. ' 

For the purposes of this application, it will be understood that each of the 
sequences set forth in Appendix A has an identifying RXA number having the 
designation "RXA" followed by 5 digits (i.e., RXA00009). Each of these sequences 
25 comprises up to three parts: a 5' upstream region, a coding region, and a downstream 
region. Each of these three regions is identified by the same RXA designation to 
eliminate confusion. The recitation -one of the sequences in Appendix A", then, refers 
to any of the sequences in Appendix A, which may be distinguished by their differing 
RXA designations. The coding region of each of these sequences is translated into a 
30 corresponding amino acid sequence, which is set forth in Appendix B. The sequences of 
Appendix B are identified by the same RXA designations as Appendix A, such that they 
can be readily correlated. For example, the amino acid sequence in Appendix B 
designated RXA00009 is a translation of the coding region of the nucleotide sequence of 
nucleic acid molecule RXA00009 in Appendix A. 
35 In one embodiment, the nucleic acid molecules of the present invention are not 

intended to include those compiled in Table 2. In the case of the dapD gene, a sequence 
for this gene was published in Wehrmann, A., et al. (1998) J. Bacterial. 180(12): 3159- 
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3165 However, the sequence obtained by the inventors of the present application is 
significantly longer than the published version. It is believed that the published version 
relied on an incorrect start codon, and thus represents only a fragment ol the actual 
coding region. 

; In another preferred embodiment, an isolated nucleic acid molecule of the 

invention comprises a nucleic acid molecule which is a complement of one of the 
nucleotide sequences shown in Appendix A, or a portion thereof. A nuclei acid 
molecule which is complementary to one of the nucleotide sequences shown » 
Appendix A is one which is sufficiently complementary to one ot the nucleotide 
0 sequences shown in Appendix A such that it can hybridize to one of the nucleotide - 
sequences shown in Appendix A, thereby forming a stable duplex. 

In Still another preferred embodiment, an isolated nucleic acid molecule of the 
invention comprises a nucleotide sequence which is at least about 50-60%, preferably at 
least about 60-70%, more preferably at least about 70-80%, 80-90%. or 90-95%, and 
5 even more preferably at least about 95%, 96%, 97%, 98%, 99% or more homologous to 
a nucleotide sequence shown in Appendix A, or a portion thereof. In an additional 
. preferred embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, to one 
of the nucleotide sequences shown in Appendix A, or a portion thereof. 
20 Moreover, the nucleic acid molecule of the invention can comprise only a 

portion of the coding region of one of ihe sequences in Appendix A, for example a 
fragment which can be used as a probe or primer or a fragment encoding a biologically 
active portion of an HA protein. The nucleotide sequences determined from the cloning 
of the Ha genes from C. glutamicum allows for the generation of probes and primers 
25 designed for use in identifying and/or cloning HA homologues in other cell types and 
organisms, as well as HA homologues from other Coryntbacreria or related species. 
The probe/primer typically comprises substantially purified oligonucleotide. The 
oligonucleotide typically comprises a region of nucleotide sequence that hybridizes 
, under stringent conditions to at least about 12, preferably about 25, more preferably 
30 about 40, 50 or 75 consecutive nucleotides of a sense strand of one of the sequences set 
forth in Appendix A, an anti-sense sequence of one of the sequences set forth in 
Appendix A, or naturally occurring mutants thereof: Primers based on a nucleotide 
sequence of Appendix A can be used in PCR reactions to clone HA homologues. 
Probes based on the HA nucleotide sequences can be used to detect transcripts or 
35 genomic sequences encoding the same or homologous proteins. In preferred 

embodiments, the probe further comprises a label group attached thereto, e.g. the label 
group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co- 
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tacior Such probes can be used as a pan of a diagnostic test kit for identifying cells 
. which misexpress an HA protein, such as by measuring a level of an HA-encodmg 
nucleic acid in a sample of cells, e.g., detecting HA mRN A levels or determimng 
whether a genomic HA gene has been mutated or deleted. 
5 , ^ In one embodiment, the nucleic acid molecule of the invention encodes a 

protein or portion thereof which includes an amino acid sequence which is sufficiently . 
homologous to an amino acid sequence of Appendix B such that the protein or poruon 
thereof maintains the ability to participate in the maintenance of homeostasis in C 
gluiamicum, or to perform a function involved in the adaptation of this microorganism 
1 0 to different environmental conditions. As used herein, the language "sufficiently 

homologous" refers to proteins or portions thereof which have amino acid sequences 
which include a minimum number of identical or equivalent (e.g.. an amino acid residue 
which has a similar side chain as an amino acid residue in one of the sequences of 
Appendix B) amino acid residues to an amino acid sequence of Appendix B such that 
15 the protein or portion thereof is able to participate in the maintenance of homeostasis in 
C. gluiamicum, or to perform a function involved in the adaptation of this 
microorganism to different environmental conditions. Proteins involved in C. 
gluiamicum cell wall biosynthesis or rearrangements, metabolism of inorganic 
compounds, modification or degradation of aromatic or aliphatic compounds, or that 
20 have a C. glutamicum en2ymatic or proteolytic, activity, as described herein, may play a 
role in the production and secretion of one or more fine chemicals. Examples of such 
activities are also described herein. Thus, "the function of an HA protein" contributes 
either directly or indirectly to the yield, production, and/or efficiency of production of 
one or more fine chemicals. Examples of HA protein activities are set forth in Table 1. 
25 In another embodiment, the protein is at least about 50-60%, preferably at least 

about 60-70%, and more preferably at least about 70-80%, 80-90%, 90-95%, and most 
preferably at least about 96%, 97%, 98%. 99% or more homologous to an entire amino 

acid sequence of Appendix B. 

Portions of proteins encoded by the HA nucleic acid molecules of the 

30 invention are preferably biologically active portions of one of the HA proteins. As used 
herein, the term "biologically active portion of an HA protein" is intended to include a 
portion, e.g., a domain/motif, of an Ha protein that can participate in the maintenance of 
homeostasis in C. gluiamicum, or that can perform a function involved in the adaptation 
of this microorganism to different environmental conditions, or has an activity as. set 

35 forth in Table 1 . To determine whether an HA protein or a biologically active portion 
thereof can participate in C gluiamic um cell -wall biosynthesis or rearrangements, 
metabolism of inorganic compounds, modification or degradation of aromatic or 
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aliphatic compounds, or has a C glutamic enzymatic or proteolytic activny. an -say 
of enzymatic activity may be performed. Sach assay methods are well known to those 
skilled in the an, as detailed in Example 8 of the Exemplification. 

Additional nucleic acid fragments encoding biologically active portions of an 
HA protein can be prepared by isolating a portion of one of the sequences in Appendix 
B, expressing the encoded portion of the HA protein or peptide (e.g., by recombinant 
expression in vuro) and assessing the activity of the encoded portion of the HA protein 

OI ^ The invention further encompasses nucleic acid molecules that differ from one of 
the nucleotide sequences shown in Appendix A (and portions-thereof) due to degeneracy 
of the genetic code and thus encode the same HA protein as that encoded by the 
nucleotide Sequence* shown in Appendix A. In another embodiment, an isolated nucleic 
acid molecule of the invention has a nucleotide sequence encoding a protein havmg an 
amino acid sequence shown in Appendix B. In a still further embodiment, the nucleic 
acid molecule of the invention encodes a full length C. gluramicum protein which is 
substantially homologous to an amino acid sequence of Appendix B (encoded by an 
open reading frame shown in Appendix A). 

In addition to the C gluramicum HA nucleotide sequences shown in Appendix 
A, it will be appreciated by those skilled in the an that DNA sequence polymorphisms 
that lead to changes in the amino acid sequences of HA proteins may exist within a 
population (e.g., the C. gluramicum population). Such genetic polymorphism in the HA 
gene may exist among individuals within a population due to natural variation. As used 
herein, the terms "gene" and -recombinant gene" refer to nucleic acid molecules 
comprising an open reading frame encoding an HA protein, preferably a C. gluramicum 
HA protein. Such natural variations can typically result in 1 -5% variance in the 
nucleotide sequence of the HA gene. Any and all such nucleotide variations and 
resulting aminoacid polymorphisms in HA that are the result of natural variation and 
* that do not alter the functional activity of HA proteins are intended to be within the 
scope of the invention. 

Nucleic acid molecules corresponding to natural variants and non-C . gluiamicum 
homologues of the C gluramicum HA cDNA of the invention can be isolated based on 
their homology to the C gluramicum HA nucleic acid disclosed herein using the C. 
gluiamicum cDNA, or a portion thereof, as a hybridization probe according to standard 
hybridization techniques under stringent hybridization conditions. Accordingly, in 
another embodiment, an isolated nucleic acid molecule of the invention is at least 15 
nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising a nucleotide sequence of Appendix A. In other embodiments, the 



nucleic acid is at least 30, 50, 1 00, 250 or more nucleotides in length. As used herem 
the term "hybridizes under stringent condition," is intended to describe colons for 
nTbrXation and .ashing under which nucleotide sequences at least 60% homologous 
^ach other typically remain hybridized to each other. *f^'^^ 
5 such that sequences at least about 65%, more preferably at least about 70 /o, and even 
more preferably at least about 75% or more homologous to each other typtcal^ remam 
hybriLd to each other. Such stringent conditions are known to those skilled in thean 
Id can be found in Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. 
(1989) 6 3 1-6 3.6. A preferred, non-limiting example of stringent hybridization 
0 conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) at about 4>°C, 
followed by one or. more washes in 0.2 X SS.C, 0.1% SDS at 50-65°C. Preferably,- an 
isolated nucleic acid molecule of the invemion xhar hybridizes under stringent condmons 
to a sequence of Appendix A corresponds to a naturally-occurring nucleic acid 
molecule. As used herein, a -naturally-occurring" nucleic acid molecule relers to an 
L5 RNa or DNA molecule having a nucleotide sequence that occurs in nature (e.g., 
encodes a natural protein). In one embodiment, the nucleic acid encodes a natural C 

glurumicum HA protein. 

In addition to naturally-occurring variants of the HA sequence that may exist in 
xhe population, the skilled artisan will further appreciate that changes can be introduced 
oo by mutation into a nucleotide sequence of Appendix A, thereby leading to changes m the 
. amino acid sequence of the encoded.HA protein, without altering the functional ability 
of the HA protein. For example, nucleotide substitutions leading to amino acid 
substitutions at "non-essential" amino acid residues can be made in a sequence of 
Appendix A. A "non-essential" amino acid residue is a residue that can be altered from 
->5 the wild-tvpe sequence of one of the HA proteins (Appendix B) without altering the 
activity of said HA protein, whereas an "essential" amino acid residue is required for 
HA protein activity. Other amino acid residues, however, (e.g., those that are not 
conserved or only semi-conserved in the domain having HA activity) may not be ; 
essential for activity and thus are likely to be amenable to alteration without altering HA 

30 activity. . 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding HA proteins that contain changes in amino acid residues that are not essential 
for HA activity . Such HA proreins differ in amino acid sequence from a sequence 
contained in Appendix B yet retain at least one of the HA activities described herein. In 

35 one embodiment, the isolated nucleic acid molecule comprises a nucleotide sequence 
encoding a protein, wherein the protein comprises an amino acid sequence at least about 
50% homologous to an amino acid sequence of Appendix B and is capable of 
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• inth* maintenance of homeostasis in C glurarmcum, or of performinga. 
-ditions.ot.asoneo^ 

protein encoded by the ™^ c ^* m ™< ^ ^ abouT 60 . 70 <y 0 homologous 

one of the sequences m J*^^^^ al leasI about 70-80%, 80- 

Z TZ 97%. 98%, or 99% homologous to one of the sequences in Appendix 

B " . To determine the percent homology, of two amino acid sequences (e.g. oneof 
the sequences of Appendix B and a mutant form thereof) or of two nuclei acids, the 
« "are aligned for optimal comparison purpose, (*•*., gaps can be introduced m 
r^nceofoneproteinornucieicacidfo^ 

or nucleic acid). The amino acid residues or nucleotides at corresponding ammo acid 
15 po'ilsornucleoudeposiuonsarethencompared. When a posiuon in one sequence 
of the sequences of Appendix B) is occupied by the same ammo acid re*** 
or nucleotide as the corresponding position in the other sequence (e.g. a mutant form ox 
the sequence selected from Appendix B), then the molecules are homologous at that 
position (i.e., as used herein amino acid or nucleic acid "homology" is equivalent to 
•>0 amino acid or nucleic acid "identity"). The percent homology between the two 
" . sequences is a function of the number of identical positions shared by the sequences 
(i e % homology = # of identical positions/total # of positions x 100). 

' " An isolated nucleic acid molecule encoding an HA protein homologous to a 
' protein sequence of Appendix B can be created by introducing one or more nucleotide 
25 substitutions, additions or deletions into a nucleotide sequence of Appendix A such that 
one or more amino acid substitutions, additions or deletions are introduced i into the 
encoded protein. Mutations can be introduced into one of the sequences of Appendix A 
by standard techniques, such as site-directed mutagenesis and PCR-mediated 
mutagenesis. Preferably, conservative amino acid subsututions are made at one or more 
30 predicted non-essential amino acid residues. A "conservative amino acid substitution is 
one in which the amino acid residue is replaced with an amino acid residue having a 
similar side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with, basic s,de chains (e.g., 
lysine, arginine. histidine), acidic side chains (e.g., aspartic acid, glutamic acid). 
35 uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
tyrosine, cysteine), nonpolar side chains (e.g.. alanine, valine, leucine, isoleucme, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 



v ■ .li. isoleucine) and aromatic side chains (e.g., tyrostae, phenylalanine, 
T t^di" a predicted nonessentia) amino acid residue in an HA 

ttyptophan. h^bne > Tto. P ^ ^ ftQm ^ ^ ^ ^ 

prorem ,s preferably OTbodim ent, mutations can be introduced randomly 
fami,,. Ahernnuv^, m anomer ^ ^ — n ^ A£ 

*■» ^ ICJ 2 ±£Z for an HA activity described herein to identify 
resultant Followine mmogen «u of one of me sequences of 

M T* r«Xl can be expressed recombinant and .be acrivity of me 

° *• E T!™o the nucleic acid molecules encoding HA proteins desctiW above, 
another aTec of the invention pertains ,c isolared nucieic acid molecu.es wb,ch are 
tnu^sTLem. An -antisense" nucleic acid comprises a nucleoude sequence W tuch ts 
- a -sense" nucieic acid encodin S a protein, e.g.. complementary . me 

5 oTingTuand of a double-stranded cDNA molecule or complementary to an mRNA 
Lqule According, an anrisense nue.eie acid can hydrogen bond to a sense mdtac 
2d The antisense nucleic acid can be complementary to an enure HA codmgstmnd 
o to oniy a ponion thereof. In one embodtment, an antisense nucle.c ac,d molecule >s 
anUse' e to a -codin 8 region" of rhe coding srrand of a nucleotide sequence encodmg an 

20 HA prml The rerm -coding region- refers ,o rhe region of the nucleonde sequence 

egToTsnQ ID RXA00009 comprises nucleotides , to 900). In another embodrmen, 
. risense nucieic acid molecule is antisense to a "noncoding region^ t^ng 
strand of a nucleotide sequence encoding HA. The term "noncodmg regton refers m 5 
25 aT* sequences which flank me coding region that are not transited mm ammo ends 
lie also referred to as 5' and 3' untranslated regions). . 

' Given the coding snand sequences encoding HA disclosed hereto (e.g., the 
sequences set form in Appendix A), antisense nucleic acids of the invention can be 
designed according ,0 the rules of Watson and Cd* base pairing 
30 acid molecule can be complementary to the ennre codtng regton of HA mRN A but 
more preferably is an oligonucleotide tvhich is antisense to only a ^ponton of _*e odmg 
rrJcodingreglonof HAmRNA. For example, me — » 
complementary to the region surrounding the translation sun, : « of HA .pB**. An 
antisense oligonucleotide can be, for example, about 5. 10. U. 20. 25. aO aS. 40, 4a or 
,5 50 nucleotides in length. An antisense nucleic acid of the invention can be consnuc ed 
using chemical synthesis and enzymatic ligation reactions using procedures kno*n m 
IZ. for example, an antisense nucleic acid (e.g., an antisense oligonucleonde) can 



be chemically Resized using naturally occurring nucleotides or var.ou.ly mod.fied 
^ZL designed to increase the biological stabUiry of the molecule, or ,0 urcrease 

rXsl ««« fo - ed " * e -v: nucle ' c 

Z ds « , phosphorothioa.e derivatives and acridine substituted nucleotides can be 
^d Examples of modified nucleotides which can be used » »^ 
nucleic acid include 5-fluorouracil. i-bromouracil, 5-chlorouracl 5->odourac.l, 
hypoxandune, xanthine, 4-acetylcytosine, 5 .(carboxyhydroxylmethyl> uraeU, 5- 
« JboxymethylaminomerhyW-rhiouridine', S-ea.boxymemylaminomemyluracl. 

dihydrouracil. bera-D-galacosylqueosine. inosine, NS-isopemenytodenme 1- 
m=mylguamne,l-meAylinosine,2.2-dimemyl S uaiune,2-me*yladenme2- 

guanine, 3-merhylcytosine, 5-merhy.cyrosine. M6-adenine 7-me.hylguarune, 5- 
me*ylaminomeihyluracil,5.mcmoxy«minoma.hyl-2-miourae 1 l.beia-D- , 
^lo^queosine. S-merhoxycarboxymerhyluracu. 5-methoxyurac.l, 2-methyhh.o.*6- 
uTn^ybderune, uraci,-5-o*yace,ic acid (v>. wybutoxosine, pseudouracu, ,ueos.ne,_ 
;X ytsine. S-methyl-2-.hiouracil. 2-thiouracil. 4-thiouracU • S«W* -=■•->- 
oxyacetic acid methylester, uracil-S-oxyaceric acid (v>. ^ 
aJ lo.3-N.2-carboxy P ropyl) uraeU. t acp3,w. and 2,6-diam.nopunne Altemanv ly. the 
antisense nucleic acid can be produceabiologicall, using an express™ vector .mo 
which a nucleic acid has been subcloned in an antisense orien.ar.on C..e., FN A 
Ascribed from me inserred nucleic acid wiU be of an-aruisense orienrauon ro a target 
nucleic acid ofinrerest, described funher in me following subsection . 

,o a cell or generared i, sin, such rha. rhey hybridize with or b.nd ,o cellular mRNA 
and/or genomic DN A encoding an HA prorein «o thereby inhibtt express.cn of me 

,5 ""..by inhibiting.™ 

Tonve^oual nucleoride complement ,o form a arable duplex or, for examp*. .n the 
« of an antisense nucleic acid rno.ecu,e whichbinds to DNA du P .exe S , through _ 

Z** « «■*. ° f *° *»* helu - The "^T> 

be modified such rha, i. specifically binds ,o a recepror or an anngen expressed on a 
30 select cell surface, e.g.. by linking rhe antisense nucleic acid molecule ,o, pepude or 
" ^Ly which binds to a cel. surface receptor or antigen. The annsense nucWc ac.d 
ro.eculelnalsobedelivered.oceUsusingU.evectorsdescribedherem. Toach.eve 
sufficient intracellular concentrations of the antisense molecules, vecro, -constructs » 
which the antisense nucleic acid molecule is placed under the control of a strong 
orokarvotic, viral, or eutcaryoric promoter are preferred. 

F ,„ yet another embodimen,. the antisense nucleic acid molecule of the mvenuon 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
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•r, double stranded hybrids wilh complement TO in «*ich. »«taiy it. the ■ 

» i s 6625 6641 ) The antisense nucleic acid molecule can also comprise a 2 -o- 
^h^ 

I limine RNA-DNA analo 8 ue (Inoue et al. (1987) FEBS tor. 2l5:327o30). . 

ribozyme Ribozymes are catalytic RNA molecules wixh ribonuclease activity which are 

have a complementary region. Thus, ribozymes (e.g., ^hammerhead nbozymes , 
0 described £ Haselhoff and Gerlach (1988) ^ 334:585-591)) can be used to^ 
atalytically cleave HA mRNA transcripts to thereby inhibit translation of HA mRN A^ 
A ribozyme having specificity for an ilA-cncoding nucleic acid can be designed based 
upon the nucleotide sequence of an HA DN A molecule disclosed herein (i .e. 
RXa00009 in Appendix A) . for example, a derivative of a Tetrahymena L-19 IVS 
LS RNA can be constructed in which the nucleotide sequence of the active sue. is 

complementary to the nucleotide sequence to be cleaved in an HA-encodtng mRNA. 
See e g Cech et al. U.S. Patent No. 4,987,071 and Cech et al. U.S. Patent No. 
5 1 1*6 742. Alternatively, Ha mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g., Barrel, D. and 
20 SzostalcJ.W. (1993) Science 261:141 1-1418. ' 

Alternatively, HA gene expression can be inhibited by targeting nucleotide 
sequences complementary to the regulatory region of an HA nucleotide sequence (e.g., 
an HA promoter and/or enhancers) to form triple helical structures that prevent 
transcription of an HA gene in target cells. See generally, Helene, C. (1991) Anticancer 
25 Drug** 6(6):569-84; Helene, C.etal. (1992)^ N. Y. Acad Sci 660:27o6; and 
Maher.LJ. (1992) Btoossays 14(12):807-15. 

B Recombinant Expression Sectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression 

30 vectors, containing a nucleic acid encoding an HA protein (or a portion thereof). As 
used herein, the term "vector" refers to a nucleic acid molecule capable of transporting 
another nucleic acid to which it has been linked. One type of vector is a "plasmid", 
which refers to a circular double srranded DN A loop into which additional DN A 
segments can be ligated. Another type of vector is a viral vector, wherein additional 

35 DN A segments can be ligated into the viral genome. Certain vectors are capable of x 
autonomous replication in a host cell into which they are introduced (e.g., bactenaT 
vectors having a bacteria] origin of replication and episomal mammalian vectors). Other 
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vectors (e g non-episomal mammalian vectors) are integrated into the genome of a host 
cell upon introduction into the host cell, and thereby are replicated along with the host 
genome Moreover, certain vectors are capable of directing the expression of genes to 
which thev are operatively linked. Such vectors are referred to herein as "expression 
5 vectors" In -eneral, expression vectors of utility in recombinant DN A Techniques are 
often in the form of plasmids. In the present specification, 'plasmid" and -vector-can 
be used interchangeably as the plasmid is the most commonly used form of vector. 
However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
0 associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid ot 
the invention in a form suitable for expression of ihe nucleic acid in a host cell, which 
means that the recombinant expression vectors include one or more regulatory 
sequences, selected on the basis of the host ceils to be used for expression, which are 
15 operativelv linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
20 sequence" is intended to include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology Methods in Enzymology 185, 
Academic Press, San Diego, GA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
25 those which direct expression of the nucleotide sequence only in certain host cells. It 
will be appreciated by those skilled in the an that the design of the expression vector can 
depend on such factors as the choice of the host cell to be transformed, the level of 
expression of protein desired, etc. The expression vectors of the invention can be 
introduced into host cells to thereby produce proteins or peptides, including fusion 
30 proteins or peptides, encoded by nucleic acids as described herein (e.g., HA proteins, 
mutant forms.of HA proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for 
expression of HA proteins in prokaryotic or eukaryotic cells. For example, HA genes 
can be expressed in bacterial cells such as C glutumicum, insect cells (using baculovirus 
3 5 expression vectors), yeast and other fungal cells (see Romanos, M. A. et al. (1 992) 
"foreign gene expression in yeast: a review", Yeast 8: 423-488; van den Hondel. 
C.A.M.J.J- et al. (1991) "Heterologous gene expression in filamentous fungi" in: More 



Gene Manipulations in Fungi, J.W. Bennet ft L.L. Lasure, ed,. p. 396-428: Academe 
Pre" -^Diego- and van den Hondel, C.A.M.J.J- & Punt, P-J- (1991) "Gene transfer 
^Id ec^r development for filamentous fungi, in: Applied Molecular Genetics 
of Fung, Peberdy, I.F. et aL, ed,, p. 1-28, Cambridge 
5 algae and multicellular plant cells (see Schmidt, R. and Willnutzer, L. (1988) High 
efficiency Agrobacterium tumefac^ns -mediated transformation of Ara^ops* _ 
t/LLf and cotyledon explants" Cdl ft* 583-586), or mammalian cells. 
• Suitable host cells are discussed further in Goeddel, Gene Expression Technology: 
A^nods in Enrymology 185, Academic Press, San Diego, Ca (1990). Alternately, the 
10 recombinant expression veaor can be transcribed and translated in vitro, for example 
using T7 promoter regulatory sequences and T7 polymerase. 

Expression of protem, hi prokoryotes is mosx often carried out with vectors 
containing constitutive or inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of amino acids to a protem 
15 encoded therein, usually to the amino terminus of the recombinant protein but also to the 
C-terminus or fused within suitable regions in The proteins. Such fusion vectors 
typically serve three purposes: 1 ) to increase expression of recombinant protem; 2) to 
increase the solubility of the recombinant protein; and 3) to aid in the purification of the 
recombinant protein by acting as a ligand in affinity purification. Often, m fusion 
20 expression vectors, a proteolytic cleavage site is introduced at the junction of the fusion 
moiety and the recombinant protein to enable separation of the recombinant protein 
from the fusion moiety subsequent to purification of the fusion protein. Such enzymes, 
and their cognate recognition sequences, include Factor Xa, thrombin and emerokinase. 
Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, 
25 D.B. and Johnson, K.S. (1988) Gene 67:3 1 -40). pMAL (New England Biolabs, Beverly, 
MA) and pRITS (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase 
(GST), maltose E binding protein, or protein A, respectively, to the target recombinant 
protein. In one embodiment, the coding sequence of the HA protein is cloned into a 
P G£X expression vector to create a vector encoding a fusion protein comprising, from 
30 the N-terminus to the C-terminus, GST-thrombin cleavage site-X protein. The fusion 
protein can be purified by affinity chromatography using glutathione-agarose resin. 
Recombinant HA protein unfused to GST can be recovered by cleavage of the fusion 

protein with thrombin. 

Examples of suitable inducible non-fusion £. coli expression vectors include 
35 P Trc (Amann et al., (1988) Gene 69:301-315) and p£T lid (Studier et al., Gene 
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, 
California (1990) 60-89). Target gene expression from the pTrc vector relies on host 
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RN A polymerase iranscripiion from a hybrid up-lac fusion promoter. Target gene 
expression from the pET lid vector relies on transcription from a T7 gnlO-lac fusion 
promoter mediated by a coexpressed vtral RNA polymerase (T7 gnl) This viral 
polymerase is supplied by host strains BL2l(D£3) or HMS1 74(D£3) from a recent K 
5 prophage harboring a T7 gnl gene under the transcriptional control of the lacUV 5 
promoter. 

One strategy to maximize recombinant protein expression is to express the 
protein in a host bacteria with an impaired capacity to proteolytic^ cleave the 
recombinant protein (Gottesman, S., Gen. Expression Technology Methods in 
10 Erxymology 185, Academic Press, San Diego, California (1990)119-128). Another 
strategy is to alter the nucleic acid sequence of the nucleic acid to be inserted mto an 
expression vector so thai the individual codons for each amino acid are those 
preferentially utilized in the bacterium chosen for expression, such as C. glutumicum 
(Wada et ah (1992) Nucleic Acids Res. 20: 21 1 1-21 1 8). Such alteration of nucleic acid 
15 sequences of the invention can be carried out by standard DNA synthesis techniques. 

In another embodiment, the HA protein expression vector is a yeast expression 
vector . Examples of vectors for expression in yeast S. cerivisue include pYepSec 1 
(Baldari, et ah, (1987) EmboJ. 6:229-234), pMFa (Kurjan and Herskowitz, (1982) Cell 
30-933-943). pJRY88 (Schultz et ah, (1987) Gene 54:113-123), and pYES2 (Invitrogen 
oo Corporation, San Diego, CA). Vectors and methods for the construction of vectors 
appropriate for use in other fungi, such as the filamentous fungi, include those detailed 
in: van den Hondel, C.A.M.J.J. & Punt, P.J. (1991) "Gene transfer systems and vector 
development for filamentous fungi, in: Applied Molecular Genetics oftungi, J-f . 
Peberdy, et al., eds., p. 1-28, Cambridge University Press: Cambridge. 
25 Alternatively, the HA proteins of the invention can be expressed in insea cells 

using baculovirus expression vectors. Baculovirus vectors available for expression of 
proteins in cultured insect cells (e.g., Sf 9 cells) include the pAc series (Smith et al. 
(1983) Mol. Cell Biol 3:2156-2165) and the pVL series (Lucklow and Summers (1989) 
Virology 170:31-39). 

30 In another embodiment, the HA proteins of the invention may be expressed in 

unicellular plant cells (such as algae) or in plant cells from higher plants (e.g., the 
spermatophytes, such as crop plants). Examples of plant expression vectors include 
those detailed in: Becker, D., Kemper, £., Schell, J. and Masterson. R. (1992) "New 
plant binary vectors with selectable markers located proximal to the left border", Plum 

35 Mol. Biol. 20. 1 195-1 197; and Bevan, M. W. (1984) "Binary Agrobacterium vectors for 
plant transformation", Nucl. Acid. Res. 12: 8711-8721. 
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In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of mammalian 
expression vectors include pCDM8 (Seed, B. (1987) Nature 329:840) and P MT2PC 
(Kaufman et al: (1987) EMBOJ. 6:187-195). When used in mammalian cells, the 
expression'vector s control functions are often provided by viral regulatory elements. 
For example, commonly used promoters are derived from polyoma, Adenovirus 2, 
cytomegalovirus and Simian Virus 40. .For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fntsh, b. F.. 
and Maniatis, T. Molecular Cloning. A Laboratory Manual. 2nd. ea\. Cold Spring 
Harbor Laboratory. Cold Spring Harbor' Laboratory Press, Cold Spring Harbor, NY, 
1989. 

In another embodiment, the recombinant mammalian expression vector is 
capable of directing expression of the nucleic acid preferentially in a particular ceil type 
(e.g., tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et al. 
(1987) Genes Dev. 1:268-277). lymphoid-specific promoters (Calame and Eaton (1988) 
Adv. Immunol 43:235-275), in particular promoters of T ceil receptors (Winoto and 
Baltimore (1989) EMBOJ. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33:729-740; Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters - 
(e g., the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477). 
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,3 1 6 and 
European Application Publication No. 264,166). Developmentally-regulated promoters 
are also encompassed, for example the murine hox promoters (Kessel and Gruss (1990) 
Science 249:374-379) and the a-fetoprotein promoter (Campes and Tilghman (1989) 
Genes Dev. 3:537-546). 

The invention further provides a recombinant expression vector comprising a 
DNA molecule of the invention cloned into the expression vector in an antisense 
orientation: That is, the DNA molecule is operatively linked to a regulatory sequence in 
a manner which allows for expression (by transcription of the DNA molecule) of an 
RN A molecule which is antisense to HA mRNA. . Regulatory sequences operatively 
linked to a nucleic acid cloned in the antisense orientation can be chosen which direct 
the continuous expression of the antisense RNA molecule in a variety of cell types, for 
instance viral promoters and/or enhancers, or regulatory sequences can be chosen which 
direct constitutive, tissue specific or cell type specific expression of antisense RNA. 
The antisense expression vector can be in the form of a recombinant piasmid, phagemid 
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or attenuated virus in which antisense nucleic adds are produced under the control of a 
J^ciency regulatory region, the activity of which can be determtned by the cell 
Type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense gene, see Weintraub, H. et al Antisense RNA ^ a 
molecular tool for genetic analysis, Review - Trends in Genencs, Vol. 1(1) (1986). 

Another aspect of the invention pertains to host cells into which a recombinant- 
expression vector of the invention has been introduced. The terms "hosrcell" and 
"recombinant host cell" are used interchangeably herein. It is understood that such 
xerms refer not only to the particular subject cell but to the progeny or potential progeny 
of such a cell. Because certain modifications may occur in succeeding generations due 
to either mutation or environmental influences, such progeny may not, in fact, be 
identical to the parcnr cell, bur are still included within th, scope of the Term as used 

herein. u* 
A host cell can be any prokaryotic or eukaryotic cell. For example, an HA 
15 protein can be expressed in bacterial cells such as C. glutamicum^tci cells, yeast or 
mammalian cells (such as Chinese hamster ovary cells (CHO) or COS cells). Other 
suitable host cells are known to those skilled in the art. Microorganisms related to 
Curynebacterium gluiamicum which may be conveniently used as host cells for the 
nucleic acid and protein molecules of the invention are set forth in Table 3. 
?0 Vector DNA can be introduced into prokaryotic or eukaryotic cells via 

conventional transformation or transfection techniques. As used herein, the terms 
"transformation" and "Transfection", "conjugation" and "transduction" are intended to 
refer to a variety of art-recogniaed techniques for introducing foreign nucleic acid (e.g., 
DNA) into a host cell, including calcium phosphate or calcium chloride co-preciphation, 
->S DEA£-dextran-mediated transfection. lipofection, naTural competence, chemical- 
mediated transfer, or electroporation. Suitable methods for transforming or transfecting 
host cells can be found in Sambrook, et al. {Molecular Cloning- A Laboratory Manual. 
2nd. ed. Cold Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY, 1 989), and other laboratory manuals. 
30 For stable transfection of mammalian cells, it is known That, depending upon the 

expression vector and transfection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
35 selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methoTrexate. Nucleic acid encoding a selectable marker can be 
introduced into a host cell on the same vector as Thar encoding an HA protein or can be 
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introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by, for example, drug selection (e.g., cells that have incorporated 
the selectable marker gene will survive, while the other cells die). 

To create a homologous recombinant microorganism, a vector is prepared which 
5 contains at least a portion of an HA gene inio which a deletion, addition or substitution 
. has been introduced to thereby alter, e.g., functionally disrupt, the HA gene. Preferably, 
this HA gene is a Corynebacterium glutamicum HA gene, but it can be a homologue 
from a related bacterium or even from a mammalian, yeast, or insect source. In a 
preferred embodiment, the vector is designed such that, upon homologous 
10 recombination, the endogenous HA gene is functionally disrupted (i.e., no longer 

encodes a functional protein; also referred to as a "knock out" vector). Alternatively, 
~ 1 the vector can be designed such that, upon homologous recombination, the endogenous 

HA gene is mutated or otherwise altered but still encodes functional protein (e.g., the 
upstream regulatory region can be altered to thereby alter the expression of the 
1 5 endogenous HA protein). In the homologous recombination vector, the altered portion 
of the HA gene is flanked at its 5' and 3' ends by additional nucleic acid of the HA gene 
to allow for homologous recombination to occur berween the exogenous HA gene 
carried by the vecior and an endogenous Ha gene in a microorganism. The additional 
flanking HA nucleic acid is of sufficient length for successful homologous 

20 recombination with the endogenous gene. Typically, several kilobases of flanking DNA 
(both at the 5' and 3' ends) are included in the vector (see e.g., Thomas, K..R-, and • 
Capecchi, M.R. (1987) Cell 51 : 503 for a description of homologous recombination 
vectors). The vector is introduced into a microorganism (e.g., by electroporation) and 
cells in which the introduced HA gene has homologously recombined with the 
) 25 endogenous HA gene are selected, using art-known techniques. ^ 
) In another embodiment, recombinant microorganisms can be produced which 

contain selected systems which allow for regulated expression of the introduced gene. 
For example, inclusion of an HA gene on a vector placing it under control of the lac 
operqn permits expression of the HA gene only in the presence of IPTG. Such 
30 regulatory systems are well known in the an. 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
culture, can be used to produce (i.e., express) an HA protein. Accordingly, the invention 
further provides methods for producing HA proteins using the host cells of the 
invention. In one embodiment, the method comprises culturing the host cell of 
35 invention (into which a recombinant expression vector encoding an Ha protein has been 
introduced, or into which genome has been introduced a gene encoding a wild-type or 
altered HA protein) in a suitable medium until HA protein is produced. In another 



embodiment the method further comprises isolating HA proteins from the medium or 
die host cell. 

C Isolated HA Proteins 

Another aspect of the invention pertains to isolated HA proteins, and biologically 
active portions thereof. An "isolated- or "purified" protein or biologically active ponton 
thereof is substantially free of cellular material when produced by recombinant DN A 
techniques, or chemical precursors or other chemicals when chemically synthesized. 
The language "substantially free of cellular material" includes preparations of HA 
protein in which the protein is separated from cellular components of the cells in which 
it is naturally or recombinant^ produced. In one embodiment, the language 
-substantially free of cellular material- includes preparations pf HA protein having less 
than about 30% (by dry weight) of non-HA protein (also referred to herein as a 
••contaminating protein"), more preferably less than about 20% of non-HA protein, still 
more preferably less than about 10% of non-HA protein, and most preferably less than 
about 5% non-HA protein. When the HA protein or biologically active portion thereof 
is recombinamly produced, it is also preferably substantially free of culture medium, i.e., 
culture medium represents less than about 20%, more preferably less than about 1 0%, 
and most preferably less than about 5% of the volume of the protein preparation. The 
language "substantially free of chemical precursors or other chemicals" includes 
preparations of HA protein in which the protein is separated from chemical precursors or 
other chemicals which are involved in the synthesis of the protein. In one embodiment, 
the language "substantially free of chemical precursors or other chemicals" includes 
preparations of HA protein having less than about 30% (by dry weight) of chemical 
precursors or non-HA chemicals, more preferably less than about 20% chemical 
precursors or non-HA chemicals, still more preferably less than about 10% chemical 
precursors or non-HA chemicals, and most preferably less than about 5% chemical 
precursors or non-HA chemicals. In preferred embodiments, isolated proteins or 
biologically active portions thereof lack contaminating proteins from the same organism 
from which the HA protein is derived. Typically, such proteins are produced by 
recombinant expression of, for example, a C gluiumicum HA protein in a 
microorganism such as C. gluramic um. 

An isolated HA protein or a portion thereof of the invention can participate in the 
repair or recombination-of DNA, in the transposition of genetic material, in gene 
expression (i.e., the processes of transcription or translation), in protein folding, or in , 
protein secretion iii Coryne bacterium glutamicum, or has one or more of the activities 
set forth in Table 1 . In preferred embodiments, the protein or portion thereof comprises 
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an amino acid sequence which is sufficiently homologous to an amino ac>d sequence ol 
Appendix B such that the protein or ponion thereof maintains the ability to pamapate m 
xhc maintenance of homeostasis in C ^amicum, or to perform a function involved m 
the adaptation of this microorganism to different environmental condmons. Ihe portion 
5 of the protein is preferably a biologically acnve ponion as described herein. In another 
preferred embodiment, an HA protein of the invention has an amino acid sequence 
shown in Appendix B. In yet another preferred embodiment, the HA protemhas an 
amino acid sequence which is encoded by a nucleotide sequence which hybridizes, e.g., 
hybridizes under stringent conditions, to a nucleotide sequence of Append* A. In still 
10 another preferred embodiment, the Ha protein has an amino acid sequence which is 
encoded by a nucleotide sequence that is at least about 50-60%, preferably at least about 
60-70%, more preferably at least about 70-800/, 80 -90%, 90-950,4, and even more 
preferably at least about 96%, 97%, 98%, 99% or more homologous to one of the amino 
acid sequences of Appendix B. The preferred HA proteins of the present invention also 
15 preferably possess at least one of the HA activities described herein. For example, a 
preferred HA protein of the present invention includes an amino acid sequence encoded 
by a nucleotide sequence which hybridizes, e.g., hybridizes under stringent conditions, 
to a nucleotide sequence of Appendix A, and which can participate in the maintenance 
of homeostasis in C glutamicum, or can perform a function involved in the adaptation 
20 of this microorganism to different environmental conditions, or which has one or more 
of the activities set forth in Table 1. 

In other embodiments, the HA proiein is substantially homologous to an amino 
acid sequence of Appendix B and retains the functional activity of the protein of one of 
the sequences of Appendix B yei differs in amino acid sequence due lo natural variation 
o 5 or mutagenesis.as described in detail in subsection 1 above. Accordingly, in another 
embodiment, the HA protein is a protein which comprises an amino acid sequence 
which is at least about 50-60%, preferably at least about 60-70%, and more preferably at 
least aboui 70-80, 80-90, 90-95%, and most preferably at leasi about 96%, 97%, 98%, 
99% ofmore homologous to an entire amino acid sequence of Appendix B and which 
30 has at least one of the HA activities described herein. In another embodiment, the 
invention pertains to a full length C gluxamicum protein which is substantially 
homologous to an entire amino acid sequence of Appendix B. 

Biologically active portions of an HA proiein include peptides comprising amino 
acid sequences derived from the amino acid sequence of an HA protein, e.g., the an 
35 amino acid sequence shown in Appendix B or ihe amino acid sequence of a protein 
homologous to an HA protem, which include fewer amino acids than a full length HA 
protein or the full length proiein which is homologous to an HA protein, and exhibit* 
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least one activirv of an HA protein. Typically, biologically active portions CpqpU*. 
eTpeptides which are, for example, 5, 10, 15, 20, 30, 35, 36, 37, 38, 39, 40, 50, 100 or 
more amino acids in length) comprise a domain or motif with at least one active of an 
HA protein Moreover, other biologically active portions, in which other regions ot the 
5 protein are deleted, can be prepared by recombinant techniques and evaluated for one or 
more of the activities described herein. Preferably, the biologically active pomons of an 
HA protein include one or more selected domains/motifs or portions thereof havmg 
biological activity. 

SES proteins are preferably produced by recombinant DNA techniques. For 
10 example, a nucleic acid molecule encoding the protein is cloned into an expression 
vector (as described above), the expression vector is introduced into a host cell (as 
described above) and the Ha protein is expressed in the host cell. The HA protein can 
( * en be isolated from the cells by an appropriate purification scheme using standard 

protein purification techniques. Alternative to recombinant expression, an HA protein, 
1 5 polypeptide, or peptide can be synthesized chemically using standard peptide synthesis 
techniques'. Moreover, native Ha protein can be isolated from cells (e.g., endothelial, 
cells), for example using an anti-HA antibody, which can be produced by standard 
techniques utilizing an Ha protein or fragment thereof of this invention. 

The invention also provides HA chimeric or fusion proteins. As used herein, an 
20 HA "chimeric protein'' or "fusion protein" comprises an HA polypeptide operatively 

linked to a non-HA polypeptide. An "HA polypeptide" refers to a polypeptide having an 
amino acid sequence corresponding to an HA protein, whereas a "non-HA polypeptide" 
refers to a polypeptide having an amino acid sequence corresponding to a protein which 
is not substantially homologous to the Ha protein, e.g., a protein which is different from 
25 the HA protein and which is derived from the same or a different organism. Within the 
1 fusion protein, the term "operatively linked" is intended to indicate that the HA 

\ polypeptide and the non-HA polypeptide are fused in-frame to each other. The non-HA 

polypeptide can be fused to the N-terminus or C-terminus of the HA polypeptide. For 
example, in one embodiment the fusion protein is a GST-HA fusion protein in which the 
30 Ha sequences are fused to the C-terminus of the GST sequences. Such fusion proteins 
can facilitate the purification of recombinant HA proteins. Inanother embodiment, the 
fusion protein is an HA protein containing a heterologous signal sequence at its N- 
tenninus. In certain host cells (e.g., mammalian host ceils), expression and/or secretion 
of ah HA protein can be increased through use of a heterologous signal sequence. 
35 Preferably, an HA chimeric or fusion protein of the invention is produced by 

standard recombinant DNA techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance with 
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conventional techniques, for example by employing blunt-ended or stagger-ended 
termini for ligation, restriction enzyme digestion to provide for appropriate termim, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and enzymatic ligation. In another embodiment the fusmn gene 
5 can be synthesized by conventional techniques including automated DNA synthesizers. 
Alternatively, PCR amplification of gene fragments can be carried out using anchor 
primers which give rise to complementary overhangs between two conserve gene 
fragments which can subsequently be annealed and reamplified to generate a chimeric 
gene sequence (see, for example, Currenr Protocols in Molecular Biology, eds. Ausubel 
10 et al John Wiley & Sons: 1992), Moreover, many -expression vectors are commercially 
available that already encode a fusion moiety (eg., a GST polypeptide). An HA- 
encoding nucleic acid can be cloned into such an expression vector such that the fusion 
moiety is linked in-frame to the HA prbtein. 

Homologues of the HA protein can be generated by mutagenesis, e.g., discrete 
15 point mutation or truncation of the HA protein. As used herein, the term "homologue" 
refers to a variant form of the HA protein which acts as an agonist or antagonist of the 
activity of the HA protein. An agonist of the HA protein can retain substantially the 
same or a subset, of the biological activities of the HA protein. An antagonist of the 
HA protein can inhibit one or more of the activities of the naturally occurring form of 
20 the HA protein, by, for example, competitively binding to a downstream or upstream 
member of a biochemical cascade which includes the HA protein, by binding to a target 
molecule with which the HA protein interacts, such that no functional interaction is 
possible, or by binding directly to the HA protein and inhibiting its normal acimty. 

In an aliemative embodiment, homologues of the HA protein can be identified 
25 by screening combinatorial libraries of mutants, e.g., truncation mutants, of the HA 
' protein for HA protein agonist or antagonist activity. In one embodiment, a vanegated 
library of HA variants is generated by combinatorial mutagenesis at the nucleic acid 
' level and is encoded by a variegated gene library. A variegated library of Ha variants 
can be produced by, for example, enzymaucally ligating a mixture of synthenc 
30 oligonucleotides into gene sequences such that a degenerate set of potential HA 

' sequences is expressible as individual polypeptides, or alternatively, as a set of larger 
fusion proteins (e.g.. for phage display) containing the set of HA. sequences therein 
There are a variety of methods which can be used to produce libraries of potential HA 
homologues from a degenerate oligonucleotide sequence. Chemical synthesis ot a 
35- degenerate gene sequence can be performed in an automatic DNA synthesizer, and the 
synthetic gene then ligated into an appropriate expression vector. Use of a degenerate 
set of -enes allows for the provision, in one mixture, of all of the sequences encoding 
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the desired set of potential HA sequences. Methods for synthesizing degenerate 
oligonucleotides are known in the art (see, e.g..Narang, S.A. (1983) Tetrahedron 39:3; 
Itakura et al. (1984) Annu Re*. Biochem. 53:323; Itakura et al. (1984) Science 
5 198:1056; Ike etaL (1983) Nucleic Acid Res. 11:477. 

In addition, libraries of fragments of the HA protein coding can be used to 
generate a variegated population of HA fragments for screening and subsequent 
selection of homologues of an HA protein. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PCR fragment of an 

1 0 HA coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA. renaturing the DNA to 
form double stranded DNA which can include sense/antisense pairs from different 
nicked products, removing single stranded portions from reformed duplexes by 
treatment with SI nuclease, and ligating the resulting fragment library into an expression 

1 5 vector. By this method, an expression library can be derived which encodes N-terminal. 
Oterminal and internal fragments of various sizes of the HA protein. 

Several techniques are known in the art for screening gene products of 
combinatorial libraries made by point mutations or truncation, and for screening cDNA 
libraries for gene products having a selected property. Such techniques are adaptable for 

20 rapid screening of the gene libraries generated by the combinatorial mutagenesis of HA 
homologues. The most widely used techniques, which are amenable to high through-put 
analysis, for screening large gene libraries typically include cloning the gene library into 
replicable expression vectors, transforming appropriate cells with the resulting library of 
vectors, and expressing the combinatorial genes>under conditions in which detection of a 

25 desired activity facilitates isolation of the vector encoding the gene whose product was 
detected. Recursive ensemble mutagenesis (REM), a new technique which enhances the 
frequency of functional mutants in the libraries, can be used in combination with the 
screening assays to identify HA homologues (Arlcin and Yourvan (1992) PNAS 
£9:781 1-7815; Delgrave et al. (1993) Protein Engineering 6(3):327-331). 

30 In another embodiment, cell based assays can be exploited to analyze a 

variegated HA library, using methods well known in the art; 

D Uses and Methods of the Invention 

The nucleic acid molecules, proteins, protein homologues. fusion proteins, 
35 primers, vectors, and host cells described herein can be used in one or more of the 

following methods: identification of C glutamicum and related organisms; mapping of 
genomes of organisms related to C glutamicum: identification and localization of C 
glutamicum sequences of interest; evolutionary studies: determination of HA protein 



regions required for function;, modulation of an HA protein activity; modulation of the 
metabolism of one or more inorganic compounds; modulation of the modification or 
degradation of one or more aromatic or aliphatic compounds; modulauon of cell wall 
synthesis Or rearrangements; modulation of enzyme activity or proteolysis, and 
5 modulation of cellular production of a desired compound, such as a tine chemical. 

The HA nucleic acid molecules of the invention have a variety of uses. First, 
they may be used to identify an organism as being Corymbacurium glutamicum or a 
close relative thereof. Also, they may be used to identify the presence of C glutamicum 
or a relative thereof in a mixed population of microorganisms. The invention provides 
1 0 the nucleic acid sequences of a number of C. glutamicum genes; by probing the 

extracted genomic DNA of a culture of a unique or mixed population of microorganisms 
under stringent conditions with a probe spanning a region of a C glutamicum gene 
which is unique to this organism, one can ascertain whether this organism is present. 
Although Cbrymbacterium glutamicum itself is nonpathogenic, it is related to 
15 pathogenic species, such as Corynebacterium diphtheria*. Detection of such organisms 
is of significant clinical relevance. 

Further, the nucleic acid and protein molecules of the invention may serve as 
markers for specific regions of the genome. This has utility not only in the mapping of 
the genome, but also for functional studies of C. glutamicum proteins. For example, to 
20 identify the region of the genome to which a particular C glutamicum DMA-binding 

protein binds, the C. glutamicum genome could be digested, and the fragments incubated 
with the DN A-binding protein. Those which bind the protein may be additionally probed 
with the nucleic acid molecules of the invention, preferably with readily detectable 
labels; binding of such a nucleic acid molecule to the genome fragment enables the 
25 localization of the fragment to the genome map of C glutamicum, and, when performed 
multiple times with different enzymes, facilitates a rapid determination of the nucleic 
acid sequence to which the protein binds. Further, the nucleic acid molecules of the 
invention may be sufficiently homologous to the sequences of related species such that 
these, nucleic acid molecules may serve as markers for the construction of a genomic 
30 map in related bacteria, such as Brevibacterium lacto/ermentum. 

The HA nucleic acid molecules of the invention are also useful for evolutionary 
and protein structural studies. The processes involved in adaptation and the 
maintenance of homeostasis in which the molecules of-the invention participate are 
utilized by a wide variety of species; by comparing the sequences of the nucleic acid 
35 molecules of the present invention to those encoding similar enzymes from other 

organisms, the evolutionary relatedness of the organisms can be assessed. Similarly, 
such a comparison permits an assessment of which regions of the sequence are 
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conserved and which are not, which may aid in determining those regions of the protein 
which are essential for the functioning of the enzyme. This type of determination is of 
value for protein engineering studies and may give an indication of what the protein can 
tolerate in terms of mutagenesis without losing function. 
5 Manipulation of the HA nucleic acid molecules of the invention may result in the 

production of HA proteins having functional differences from the wild-type HA 
proteins. These proteins may be improved in efficiency or activity, may be present in 
greater numbers in the ceil than is usual, or may be decreased in efficiency or activity. 
The. modulation of activity or number of HA proteins involved in cell wall 
10 biosynthesis or rearrangements may both impact the production, yield, and/or efficiency 
of production of one or more fine chemicals from C glutamicum cells, for example, by 
altering the activity of these proteins, « may be possible to modulate the structure or 
thickness of the cell wall. The cell wall serves m large measure as a protective device 
against osmotic lysis and external sources of injury; by modifying the cell wall it may be 
1 5 possible to increase the ability of C glutamicum to withstand the mechanical and shear 
force stresses encountered by this microorganism during large-scale fermentor culture. 
Further, each C. glutamicum cell is surrounded by a thick cell wall, and thus, a 
significant portion of the biomass present in large scale culture consists of cell wall. By 
increasing the rate at which the cell wall is synthesized or by activating cell wall 
20 synthesis (through genetic engineering of the HA cell wall proteins of the invention) it 
may be possible to improve the growth rate of the microorganism. Similarly, by 
decreasing the activity or number of proteins involved in the degradation of cell wall or 
by decreasing the repression of cell wall biosynthesis, an overall increase in cell wall 
' production may be achieved. An increase in the number of viable C glutamic um cells 
25 (as may be accomplished by any of the foregoing described protein alterations) should 
result in increased numbers of cells producing the desired fine chemical in large-scale 
fermentor culture, which should permit increased yields or efficiency of production of 
these compounds from the culture. 

The modulation of activity or number of C. glutamicum HA proteins that 
30 participate in the modification or degradation of aromatic or aliphatic compounds may 
also have direct or indirect impacts on the production of one or more fine chemicals 
from these cells. Certain aromatic or aliphatic modification or degradation products are 
desirable fine chemicals (e.g., organic acids or modified aromatic and aliphatic 
compounds); thus, by modifying the enzymes which perform these modifications (e.g., 
3 5 hy droxylation, methylation, or isomerization) or degradation reactions, it may be 

possible to increase the yields of these desired compounds. Similarly, by decreasing the 
activity or number of proteins involved in pathways which further degrade the modified 



or breakdown produces of the aforementioned reaction* it may be posstble to improve 

the yields of these fine chemicals from C gluiamicum cells in culture. 

These aromauc and aliphatic modification and degradative enzymes are 

themselves fine chemicals. In purified form, these enzymes may be used to degrade 
aromatic and aliphatic compounds (e.g., toxic chenucals such as petroleum products), 
either for the bioremediation of polluted sites, for the engineered decomposition or 
wastes or for the large-scale and economically feasible production of desired modtfied 
aromatic or aliphatic compounds or their breakdown products, some of which may be 
. conveniently used as carbon or energy sources for other fine chemical-producing 
compounds in culture (see, e.g., Faber. K. (1 995) Biotransformations in Organic 
Chemistry, Springer. Berlin and references therein; and Roberts, S.M., ed. (199-1996) 
Preparative Biotransformations, Wiley: Chichester, and references therein). By 
genetically altering these proteins such that their regulation by other cellular 
mechanisms is lessened or abolished, it may be possible to increase the overall number 
; or activity of these proteins, thereby improving not only the yield of these fine chemicals 
but also the activity of these harvested proteins. 

The modification of these aromatic and aliphatic modifying and degradation 
enzymes may also have an indirect effect on the production of one or more fine 
chemical. Many aromatic and aliphatic compounds (such as those that may be 
[) encountered as impurities in culture media or as waste products from cellular 

metabolism) are toxic to cells; by modifying and/or degrading these compounds such 
that they may be readily removed or destroyed, cellular viability should be increased. 
Further, these enzymes may modify or degrade these compounds in such a manner that 
the resulting products may enter the normal carbon metabolism pathways of the cell, 
25 thus rendering the cell able to use these compounds as alternate carbon or energy 
sources. In large-scale culture situations, when there may be limiting amounts of 
optimal carbon sources, these enzymes provide a method by which cells may continue to 
grow and divide using aromatic or aliphatic' compounds as nutrients. In either case, the 
resulting increase in the number of C gluiamicum cells in the culture producing the 
30 desired fine chemical should in turn result in increased yields or efficiency of production 
of the fine chemical(s). 

Modifications in activity or number of Ha proteins involved m the metabolism 
of inorganic compounds may also directly or indirectly affect the production of one or 
more fine chemicals from C. gluiamicum or related bacterial cultures, for example, 
35 many desirable fine chemicals, such as nucleic acids, amino acids, cefaclors and 

vitamins (e.g., thiamine, biotin, and lipoic acid) cannot be synthesized without inorganic 
molecules such as phosphorous, nitrate, sulfate, and iron. The inorganic metabolism 



p.oteinsof.heinvenuonpennixthecelUoobtainthesemolecules r ™ ^ 
Lrganic compounds and to divert them into varioas fine chemical biosyntheuc 
™s. Therefore.byincreasu^ 

LetabJism of these inorganic compounds, it may be possible to increase ^the supply of 
5 these possibly limiting inorganic molecules, thereby directly increasing the production 
or efficiency of production of various tine chemicals from C. gluramicum cells 
containing such altered proteins. Modification of the activity or number of inorganic 
metabolism enzymes of the invention may also render C. gluramicum able to better 
utilize limited inorganic compound supplies, or to utilize nonoptunal inorganic 
10 compounds to synthesize amino acids, vitamins, cofactors, or nucleic acids, all of which 
are necessary for continued growth and replication of the cell. By improving the 
viability of thcc cells in large-scale culture. The number of C. gluramicum cells 
producing one or more fine chemicals in the culture may also be increased, in turn 
increasing the yields or efficiency of production of one or more fine chemicals. 
15 C gluramicum enzymes for general processes are themselves desirable fine 

chemicals. The specific properties of enzymes (i.e., regio- and stereospecificity, among 
others) make them useful catalysts for chemical reactions in vuro. Either whole C. 
gluramicum cells may be incubated with an appropriate substrate such that the desired 
product is produced by enzymes in the cell, or the desired enzymes may be 
20 overproduced and purified from C gluramicum cultures (or those of a related bacterium) 
and subsequently utilized in in virro reactions in an industrial setting (either in solution 
or immobilized on a suitable immobile phase). In either situation, the enzyme can either 
be a natural C gluramicum protein, or it may be motagenized to have an altered acuvity; 
tvpical industrial uses for such enzymes include as catalysts in the chemical industry 
25 (e.g., for synthetic organic chemistry) as food additives, as feed components, for fruit 
processing, for leather preparation, in detergents, in analysis and medicine, and in the 
textile industry (see, e.g.,Yamada, H. (1993) "Microbial reactions for the production of 
useful organic compounds," Chimica 47: 5-10; Roberts, S.M. (1998) Preparative 
biotransformations: the employment of enzymes and whole-cells in synthetic 
30 chemistry," J. Chem. Sac. Perkin Trans. 1: 157-169; 2aks, A. and Dodds, D.R. (1997) 
-Application of biocatalysis and biotransformations to the synthesis of 
pharmaceuticals," DDT 2: 513-531; Roberts, S.M. and Williamson, N.M. (1997) 'The 
use of enzymes for the preparation of biologically active natural products and analogues 
in optically active form," Curr. Organ Chemisrry 1 : 1-20; f aber, K.. (1995) 
35 Biotransformations in Organic Chemistry, Springer. Berlin; Roberts, S.M., ed. (1992- 
96) Preparative Biotxansfonnations, Wiley: Chichester; Cbeetham, P.S.J. (1995) -The 
applications of enzymes in industry" in : Handbook of Enzyme Biotechnology. 3' ed., 



Wiseman A., ed., EUs: Horwood, p. 419-552; and Ullmann's Encyclopedia of Industrial 

(1987), vol. A9. Enzymes, p. 390-457). Thus, by increasing the acuvity or 
^2ZLe enzymes, it may be possible to also increase the ability of the eel to 
. clvert supplied substrates to desired products, or to overproduce these enzymes tor 
5 increased yields in largelscale culture. Further, by mutagenizing these proteins « may 
be possible to remove feedback inhibition or other repressive cellular regulatory controls 
such that greater numbers of these enzymes may be produced and activate by ^e cell, 
thereby leading to greater yields, production, or efficiency of production ofthe.e fine 
chemical proteins from large-scale cultures, further, manipulation of these enzymes 
0 may alter the activity of one or more C. glutamics metabolic pathways, such as those 
for the biosynthesis or secretion of one or more fine chemicals. 

Mutagenesis of me protcolyuc enzymes of the invention such that they are 
altered in activity or number may also directly or indirectly affect the yield, production, 
and/or efficiency of production of one or more fine chemicals from C gluramicurn. for 
15 example, by increasing the activity or number of these proteins, it may be possible to 
increase the ability of the bacterium to survive in large-scale culture, due to an increased 
ability of the cell to rapidly degrade proteins misfolded in response to the high 
temperatures, nonoptimal pH, and other stresses encountered during fermentor culture. 
Increased numbers of cells in these cultures may result in increased yields or efficiency 
oq of production of one or more desired fine chemicals, due to the relatively larger number 
of cells producing these compounds in the culture: Also, C glutamic™ cells possess 
multiple cell-surface proteases which serve to break down external nutrients into 
molecules which may be more readily incorporated by the cells as carbon/energy 
- sources or nutrients of other kinds. An increase in activity or number of these enzymes 
?S may improve this turnover and increase the levels of available nutrients, thereby 
' improving cell growth or production. Thus, modifications of the proteases of the 
invention may indirectly impact C. gluramicum fine chemical production. 

A more direct impact on fine chemical production in response to the 
modification ofbne or more of the proteases of the invention may occur when these 
30 proteases are involved in the production or degradation of a desired fine chemical. By 
decreasing the activity of a protease which degrades a fine chemical or a protein 
involved in the synthesis of a fine chemical it may be possible to increase the levels of 
that fine chemical (due to the decreased degradation or increased synthesis of the 
compound). Similarly, by increasing the activity of a protease which degrades a 
35 compound to result in a fine chemical or a protein involved in the degradation of a fine 
chemical, a similar result should be achieved: increased levels of the desired fine 
chemical from C. gluramicum cells containing these engineered proteins. 



■ The Aforementioned mutagenesis strategies for HA proteins to result m increased 
yields of a fine chemical from C glutamic™ are not meant to be limiting; variations on 
these strategies will be readily apparent to one skilled in the an. Using such strategies, 
and incorporating the mechanisms disclosed herein, the nucleic acid and protein 

5 molecules of the inv ention may be utilized to generate C gluxamicum or related strains 
of bacteria expressing mutated HA nucleic acid and protein molecule, such that the 
yield production, and/or efficiency of production of a desired compound is improved, 
This desired compound may be any product produced by C: ghaumicum, which includes 
the final products of biosynthesis pathways and intermediates of naturally-occumng 

1 0 metabolic pathways, as well as molecules which do not naturally occur in the 

metabolism of C gluiamicum, but which are produced by a C. glutamicum strain of the 



invention. 



This invention is further illustrated by the following examples whum should not 
be construed as limiting. The contents of all references, patent applications, patents, and 
published patent applications cued throughout this application are hereby mcorporated 
by reference. 

5 

Exemplification 

Example 1: Preparation of total genomic DNA of Corynebacterium glutamicum 
ATCC 13032 

10 . ' A culture of Corynebac terium glutamicum (ATCC 13032) was grown overnight 
al 30°C with vigorous shaking in BHI medium (Difco). The cells were harvested by 
centrifugation. the supernatant was discarded and the cells were resuspended in 5 ml 
buffer-l (5% of the original volume of the culture - all indicated volumes have been 
calculated for 100 ml of culture volume). Composition of buffer-l: 140.34 g/1 sucrose, 
15 2.46 g/1 MgSO« x 7HA 10 ml/1 KH,PO. solution (100 g/1, adjusted to pH 6.7 with 
KOH), 50 ml/1 M12 concentrate (10 g/1 (NtUSO., 1 g/\ NaCl, 2 g/1 MgSO, x 7H 2 0, 
0.2 g/1 CaCU. 0.5 g/1 yeast extract (Difco), 10 ml/1 xrace-elements-mix (200 mg/1 f eS<X 
x HA 10 mg/1 ZnSO. x 7 HA 3 mg/1 MnCl 3 x 4 HA 30 mg/1 H^O, 20 mg/1 CoCl 3 x 
6 HA, 1 mg/1 NiCl, x 6 HA, 3 mg/1 NaJvloO, x 2 HA 500 mg/1 complexing agent 
20 (£DTA or critic acid), 100 ml/1 vitamins-mix (0.2 mg/l biotin, 0.2 mg/1 folic acid, 20 
mg/1 p-amino benzoic acid, 20 mg/1 riboflavin, 40 mg/1 ca-panthothenate, 140 mg/1 
nicotinic acid, 40 mg/1 pyridoxole hydrochloride, 200 mg/1 myo-inosiiol). Lysozyme 
was added to the suspension to a final concentration of 2.5 mg/ml. After an 
approximately 4 h incubation at 3TC. the cell wall was degraded and the resulting 
25 protoplasts are harvested by centrifugation. The pellet was washed once with 5 ml 
buffer-l and once wiih 5 ml T£-buffer (10 mM Tris-HCl, 1 mM EDTA. pri 8). The 
pellet was resuspended in 4 ml TE-buffer and 0.5 ml SDS solution (10%) and 0.5 ml 
NaCl solution (5 M) are added. After adding of proteinase K to a final concentration of 
200 ug/ml, the suspension is incubated for ca.18 h at 37°C. The DMA was purified by 
30 extraction with phenol, phenol-chlorotbrm-isoamylalcohol and chloroform- 

isoamylalcohol using standard procedures. Then, the DNA was precipitated by adding 
1/50 volume of 3 M sodium acetate and 2 volumes of ethanol, followed by a 30 mm 
incubation at -20°C and a 30 mm cemrifugaiion at 12,000 rpm in a high speed centrifuge 
using a SS34 rotor (Sorvall). The DNa was dissolved in 1 ml T£-buffer containing 20 



Kg/ml RNaseA and dialysed a: 4°C against 1000 ml TE-buffer-for at least 3 hours. 
During this lime, the buffer was exchanged 3 times. To aliquois of 0.4 ml of the 
dialysed DNA solution, 0.4 ml of 2 M LiCl and 0.8 ml of emanol are added. After a 30 
min incubation at -20°C, the DNA was collected by centrifugation (13,000 rpm, Biofuge 
5 Fresco, Heraeus, Hanau, Germany). The DNA pellet was dissolved in TE-buffer. DNA 
prepared by this procedure could be used for all purposes, including southern blotting or 
construction of genomic libraries. 

Example 2: Construction of genomic libraries in Escherichia coli of Corynebacterium 

10 glutamicum ATCO3032. 

Starting from DNA prepared as described in Example 1 , cosmid and plasmid 
libraries were constructed according to known and well established methods {see e.g., 
Sambrook, J. tt al. (1989) "Molecular Cloning : A Laboratory Manual", Cold Spring 
Harbor Laboratory Press, or Ausubel, P.M. ei al (1994) "Current Protocols in Molecular 

15 Biology", John Wiley & Sons.) 

Any plasmid or cosmid could be used. Of particular use were the plasmids P BR322 
(Sutcliffe, J.G. (1979) Proc. Natl. Acad. Sci. USA, 75 3737-3741), DACYC177 (Change & 
Cohen (1978) J. Bacteriol 134:1 141-1156), plasmids of the pBS series (pBSSK+, pBSSK- anc 
others; Stratagene, LaJolla, USA), or cosmids as SuperCosl (Stratagene, LaJolla, USA) or 

20 Lorist6 (Gibson, T.J., Rosenthal A. and Waterson, R.H. (1 987) Gene 53:283-286. 

Example 3: DNA Sequencing and Computational Functional Analysis 

Genomic libraries as described in Example 2 were used for DNA sequencing 
according to standard methods, in particular by the chain termination method using 
25 ABI377 sequencing machines (see e.g., Fleischman, R.D. et al. (1 995) "Whole-genome 
Random Sequencing and Assembly of Haemophilus Influenzae Rd., Science, 269:496- 
512). Sequencmg printers with the following nucleotide sequences were used: 5'- 
GGAAACAGTATGACCATG-3' or 5'-G'fAAAACGACGGCCAGT-3\ 

30 Example 4: In vivo Mutagenesis 

In vivo mutagenesis of Corynebacterium glutamicum can be performed by passage ot 
plasmid (or other vector) DNA through E coli or other microorganisms (e.g. Bacillus spp. or 
yeasts such as Saccharomyces cereyisiae) which are impaired in their capabilities to maintair 



the integrity of their genetic information. Typical mutator strains have mutations in the genes 
for the DNA repair system (e.g., mutHLS, muiD, mutT. etc.; for reference, see Rupp, W.D. 
(i 996) DNA repair mechanisms, in: Escherichia coh and Salmonella, p. 2277-2294, ASM: 
Washington.) Such strains are well known to those skilled in the art. The use of such strains is 
5 illustrated, tor example, in Greener, A. and Callahan, M. (1 994) Strategies 7: 32-34. 

Example 5: DNA Transfer Between Escherichia coli and Corynebacterium 

glutamicum % 
Several Corynebacterium and Brevibacterium species contain endogenous 

1 0 plasmids (as e.g., pHM 1 5 1 9 or pBLl ) which replicate autonomously (for review see, e.g., 
Martin, J.F. tt al (1987) Biotechnology, 5:137-146). Shuttle vectors for Escherichia coh 
and Corynebacterium glutamicum can be readily constructed by using standard vectors for 
£ coli (Sambrook, J. et 'at, (1989), -Molecular Cloning: a Laboratory Manual", Cold 
Spring Harbor Laboratory Press or Ausubel, F.M. et ul (1994) "Current Protocols in 

1 5 Molecular Biology", John Wiley & Sons) to which a origin or replication for and a 

suitable marker from 'Corynebacterium glutamicum is added. Such origins of replication 
are preferably taken from endogenous plasmids isolated from Corynebacterium and 
Brevibacterium species. Of particular use as Transformation markers for these species are 
genes for kanamycin resistance (such as those derived from the Tn5 or Tn?03 

20 transposons) or chloramphenicol (Winnacker, EX. (1987) "From Genes to Clones — 

Introduction to Gene Technology, VCH, Weinheim). There are numerous examples in the 
literature of the construction of a wide variety of shuttle vectors which replicate in both£. 
coli and C. glutamicum, and which can be used for several purposes, including gene over- 
expression (for reference, see e.g., Yoshihama, M. et al. (1985) J. Bacterioi. 162:591-597, 

25 Martin J.F. et al. (1987) Biotechnology, 5:137-146 and Eikmanns, BJ. et al. (1991 ) Gene, 
102:93-98). 

Using standard methods, it is possible to clone a gene of interest into one of the 
shunle vectors described above and to introduce such a hybrid vectors into strains of 
Corynebacterium glutamicum. Transformation of C. glutamicum can be achieved by 
30 protoplast transformation (Kastsumata, R. et al. (1 984) J. Bacterioi. 1 59306-3 1 1 ), 

electroporation (Liebl, £. et al. (1989) FEMS Microbiol. Letters, 53:399-303) and in cases 
where special vectors are used, also by conjugation (as described e.g. in Schafer, A et al. 
. (1990) J. Baaeriol. 172:1663-1666). It is also possible to transfer the shuttle vectors for 
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C elutarnicumnE. coh by preparing plasmid DNA from C (using standard 

methods well-known in the art) and transforming it into E col, Tta transformation step 
can be performed using standard methods, but it is advantageous to use an Mcr-defktent 
E con strain, such as NM522 (Gough & Murray (1983) J. Mol. Biol. 166:1-19). 

5 

Example 6: Assessment of the Expression of the Mutant Protem 

Observations of the activity of a mutated protein in a transformed ho* cell rely on 
the fact that the mutant protein is expressed in a similar fashion and in a similar quantity 
to that of the wild-type protein. A useful method to ascertain the level of transcnpuon of 
10 the mutant gene (an indicator of the amount of mRNA available for translation to the gene 
product) is to perform a Northern blot (for reference see, for example, Ausubcl ci al. 
(1 988) Current Protocols in Molecular Biology. Wiley: New York), in which a primer 
designed to bind to the gene of interest is labeled with a detectable tag (usually radioactive 
or chemilumineseent), such that when the total RNA of a culture of the organism is 
15 extracted, run on gel, transferred to a stable matrix and incubated with this probe, the 
binding and quantity of binding of the probe indicates the presence and also the quantity 
of mRNA for this gene, litis information is evidence of the degree of transcription of the 
mutant gene. Total cellular RNA can be prepared from Coryntbacierium glutamicum by 
several methods, all well-known in the art, such as that described in Bormann, E.R. et al. 
20 (1992) Mol. Microbiol. 6: 317-326. 

To assess the presence or relative quantity of protein translated from this mRNA, 
standard techniques, such as a Western blot, may be employed (see, for example, Ausubel 
et al. (1988) Current Protocols in Molecular Biology, Wiley: New York). In this process, 
total cellular proteins are extracted, separated by gel electrophoresis, transferred to a 
25 matrix such as nitrocellulose, and incubated with a probe, such as an antibody, which 
specifically binds to the desired protein. This probe is generally tagged with a 
cherrulununescent or colorimetric label which may be readily detected. The presence and 
quantity of label observed indicates the presence and quantity of the desired mutant 
protein present in the cell. 



Example 7: Growth of Genetically Modified Corynebactermm glutamicum - Media 

and Culture Conditions 

Genetically modified Corynebacreria are cultured in synthetic or natural growth 
media A number of different grow* media for Corynebacteria are both well-known and 
readily available (Lieb er al (1989) Appl. Microbiol. Biotechnol., 32:205-210; vender 
Ostene,*/. (1998) Biotechnology Letters, 11:11-16; Patent DE 4,120,867; Liebl (1992) 
"The Genus Coryntbacnrium, in: The Procaryotes, Volume 11, Balows. A. ex al . eds. 
Springer-Verlag). These media consist of one or more carbon sources, nitrogen sources, 
inorganic salts, vitamins and trace elements. Preferred carbon sources are sugars, such as 
mono-, di-, or polysaccharides. For example, glucose, fructose, mannose, galactose, 
ribose,' sorbose, ribulose, lactose, maltose, sucrose, raffinose, starch or cellulose serve a, 
very good carbon sources. It is also possible to supply sugar to the media via complex 
compounds such as molasses or other by-products from sugar refinement. It can also be 
advantageous to supply mixtures of different carbon sources. Other possible carbon 
sources are alcohols and organic acids, such as methanol, ethanol, acetic acid or lactic 
acid. Nitrogen sources are usually organic or inorganic nitrogen compounds, or materials 
which contain these compounds. Exemplary nitrogen sources include ammonia gas or 
ammonia salts, such as NRCl or (NH,) : S0 4 . NH,OH, nitrates, urea, amino acids or 
complex nitrogen sources like com steep liquor, soy bean flour, soy bean protein, yeast 
extract, meat extract and others. 

Inorganic salt compounds which may be included in the media include the 
chloride-, phosphorous- or sulfate- salts of calcium, magnesium, sodium, cobalt, 
molybdenum, potassium, manganese, zinc, copper and iron. Chelating compounds can be 
added to the medium to keep the metal ions in solution. Particularly useful chelating 
5 compounds include dihydroxyphenols, like catechol or protocatechuate, or organic acids, 
. such as citric acid. It is typical for the media to also contain other growth factors, such as 
vitamins or growth promoters, examples of which include bioiin, riboflavin, Thiamin, folic 
acid, nicotinic acid, pantothenate and pyridoxin. Growth factors and salts frequently 
originate from complex media components such as yeast extract, molasses, com steep 
0 liquor and others. The exact composition of the media compounds depends strongly on 
the immediate experiment and is individually decided for each specific case. Information 
about media optimization is available in the textbook -Applied Microbiol. Physiology, A 
Practical Approach (.eds. P.M. Rhodes, P.F. Stanbury, IRL Press (1997) pp. 53-73, ISBN 0 



19 963577 3). It is also possible to select growth media from commercial suppliers, like 
standard 1 (Merck) or BH1 (grain heart infusion. DlFC) or others. 

All medium components are sterilized, either by heat (20 minutes at 1 .5 bar and 
121-C) or by sterile filtration. The components can either he sterilized together or, if 
5 necessary, separately. All media components can be present at the beginning of growth, 
or they can optionally be added continuously or batchwise. 

Culture conditions are-defined separately for each experiment. The temperature 
should be in a range between 15'C and 45'C. The temperature can be kept constant or can 
be altered durina the experiment. The pH of the medium should be in the range of 5 to 
10 8 5 preferably around 7.0, and can be maintained by the addition ofbuffers to the medxa. 
An exemplary buffer for this purpose is a potassium phosphate buffer. Synthetic butters 
such as MOPS, HEP£S, ACES and others can alternatively or simultaneously be used. It 
is also possible to rruiintain a constant culture pH through the addition of NaOH or 
NR.OH during growth. Xf complex medium components such as yeast extract are utilized, 
1 5 the necessity tor additional buffers may be reduced, due to the fact that many complex 
compounds have high buffer capacities. If a fermentor is utilized for culturing the micro- 
organisms, the pH can also be controlled using gaseous ammonia. 

The incubation time is usually in a range from several hours to several days. This 
time is selected in order to permit the maximal amount of product to accumulate in the 
20 broth. The disclosed growth experiments can be carried out m a variety of vessels, such as 
microliter plates, glass tubes, glass flasks or glass or metal fermentors of different sizes, 
for screening a large number of clones, the microorganisms should be cultured in 
microliter plates, glass tubes or shake flasks, either with or without baffles. Preferably 
•100 ml shake flasks are used, filled with 10% (by volume) of the required growth 
25 medium. The flasks should be shaken on a rotary shaker (amplitude 25 mm) using a 

speed-range of 100 - 300 rpm. Evaporation losses can be diminished by the maintenance 
of a humid atmosphere; alternatively, a mathematical correction for evaporation losses 

should be performed. 

If genetically modified clones are tested, an unmodified control clone or a control 
30 clone containing the basic plasmid without any insert should also be tested. The medium 
is inoculated to an OD 6 oo of 0.5 - 1.5 using cells grown on agar plates, such as CM plates 
(10 g/1 glucose, 2,5 g/1 NaCl. 2 g/1 urea, 10 g/1 polypeptone. 5 g/1 yeast extract, 5 g/1 meat 
extract, 22 g/1 NaCl, 2 g/1 urea, 10 g/1 polypeptone, 5 g/1 yeast extract, 5 g/1 meat extract, 
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T> g/1 agar P H 6.8 with 2M NaOH) that had been incubated at 30'C. Inoculation of the 
media is accomplished by either introduction of a saline suspension of C gluramicum cells 
from CM plates oraddition of a liquid preculture of this bacterium. 

5 Example 8 - In vitro Analysis of the Function of Mutant Proteins 

the determination of activities and kinetic parameters of enzymes is well 
established in the art. Experiments to determine the activity of any given altered 
enzyme must be tailored to the specific activity of the wild-type enzyme, which is well 
within the ability of one skilled in the art. Overviews about enzymes in general, as well 
1 0 as specific details concerning structure, kinetics, principles, methods, applications and 
examples for the determination ofmany enzyme activities may be found, for example, in 
the following references: Dixon, M., and Webb, E.C., (1979) Enzymes. Longmans: 
London; Fcrsht, (1985) Enzyme Structure and Mechanism. Freeman: New York; 
Walsh, (1 979) Enzymatic Reaction Mechanisms, freeman: San Francisco; Price, N.C., 
15 Stevens, L. (1982) Fundamentals of Enzymology. Oxford Univ. Press: Oxford; Boyer, 
P D ed. (1983) The Enzymes, 3'° ed. Academic Press: New York; Bisswanger, H., 
(1994) Enzymkinetik, 2 ua ed. VCH: Weinheim (ISBN 3527300325); Bergrneyer, H.U., 
Bergrneyer, J., GraBl, M., eds. (1 983-1 986) Method, of Enzymatic Analysis, 3 fJ ed., vol. 
1-X1I, Verlag Chemie: Weinheim; and Ullmann's Encyclopedia of Industrial Chemistry 
20 (1987) vol. A9, "Enzymes". VCH: Weinheim, p. 352-363. 

The activity of proteins which bind to DNA can be measured by several well- 
established methods, such as DNA band-shift assays (also called gel retardation assays). 
The effect of such proteins on the expression of other molecules can be measured using 
reporter gene assays (such as that described in Kolmar, H. et al. (1995) EMBO J. 14: 
25 3895-3904 and references cited therein). Reporter gene test systems are well known and 
established for applications in both pro- and eukaryotic cells, using enzymes such as 
beta-galactosidase, green fluorescent protein, and several others. 

The determination of activity of membrane-transport proteins can be performed 
according to techniques such as those described in Gennis, R.B. (1989) "Pores, < 
30 Channels and Transporters", in Biomembranes, Molecular Structure and function, 
Springer: Heidelberg, p. 85-137; 199-234; and 270-322. 

Example 9: Analysis of Impact of Mutant Protein on the Production of the Desired 
Product 

35 The effect of the genetic modification in C. gluiamicum on production of a 

desired compound (such as an amino acid) can be assessed by growing the modified 
microorganism under, suitable conditions (such as those described above) and analyzing 



the medium and/or The cellulax component for increased production of the desired 
product (i.e., an amino acid). Such analysis techniques are well known to one skilled m 
the an and include spectroscopy, thin layer chromatography, staining methods of 

various kinds, enzymatic and microbiological methods, and analytical chromatography 
5 such as high performance liquid chromatography (see, for example, Ullman, 

Encyclopedia of Industrial Chemistry, vol. A2. p. 89-90 and p. 443-613, VCH: ^ 

Weinheim (1985); Fallon, A. etal., (1987) "Applications of HPLC in Biochemistry m: 

Laboratory Techniques in Biochemistry and Molecular Biology, vol. 17; Rehm ei al. 

(1993) Biotechnology, vol. 3, Chapter III: -Product recovery and purificauon", page . 
10 469-714, VCH: Weinheim; Belter, P.A. et al. (1988) Bioseparations: downstream 

processing for biotechnology, John Wiley and Sons; Kennedy, J.F. and Cabral, J.M.S. 

(1992) Recovery processes for biological materials, John Wiley and Sons; Sha^xi*. 

J A and Henry, J.D. (1988) Biochemical separations, in: Ulmann's Encyclopedia of 

Industrial Chemistry, vol. B3, Chapter 1 1, page 1-27, VCH: Weinheim; and Dechow, 
1 5 F.J. (1 989) Separation and purification techniques in biotechnology, Noyes 

Publications.) 

In addition to the measurement of the final product of fermentation, it is also 
possible to analyze other components of the metabolic pathways utilized for the 
production of the desired compound, such as intermediates and side-products, to 

20 determine the overall efficiency of production of the compound. Analysis methods 
include measurements of nutrient levels in the medium (e.g., sugars, hydrocarbons, 
nitrogen sources, phosphate, and other ions), measurements of biomass composition and 
growth, analysis of the production of common metabolites of biosynmetic pathways, and 
measurement of gasses produced during fermentation. Standard methods for these 

25 measurements are outlined in Applied Microbial Physiology, A Practical Approach, 
P.M. Rhodes and P.F. Stanbury. eds., IRL Press, p. 103-129; 131-163; and 165-192 
(ISBN: 0199635773) and references cited therein. 

Example 10: Purification of the Desired Product from C. gluiamicum Culture 
30 Recovery of the desired product from the C glutwnicum cells or supernatant of 

the above-described culture can be performed by various methods well known in the an. 
If the desired product is not secreted from the cells, the cells can be harvested from the 
culture by low-speed centrifugation, the cells can be lysed by standard techniques, such 
as mechanical force or sonicatibn. The cellular debris is removed by centrifugation, and 
35 the supernatant fraction containing the soluble proteins is retained for further 

purification of the desired compound. If the product is secreted from the C. glurarmcum 
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cells, then the cells are removed from the culture by low-speed cessation, and the 
supernate fraction is retained tor further purification. 

The supernatant fraction from either purification method rs subjected to 

chromatography with a suitable resm, in which the desired molecule is either retained on 
5 a chromatography resin while many of the impurities in the sample are not, or where the 
impuritiesareretainedbymeresinwhilethesampleisnot. Such chromatography steps 
may be repeated as necessary, using the same or different chromatography resutf. One 
skilled in me an would be well-versed in the selection of appropriate chromatography 
resins and in their most efficacious application for a particular molecule to be purified. 
U The purified product may be concentrated by filtration or ultrafiltration, and stored at a 
temperature at which the stability of the product is maximized. 

There are a wide array of purification methods known to the art and the 
preceding method of purification is not meant to be limiting. Such purification 
techniques are described, for example, in Bailey, J.E. & Ollis, D.F. Biochemical 
15 Engineering Fundamentals, McGraw-Hill: New York (1986). 

The identity and purity of the isolated compounds may be assessed by techniques 
standard in the art. These include high-performance liquid chromatography (HPLC), 
spectroscopic methods, staining methods, thin layer chromatography, NIRS, enzymatic 
assay or microbiologically. Such analysis methods are reviewed in: Patek et al. (1994) 
20 Appl Environ. Microbiol. 60: 133-140; Malakhova et al. (1996) Biotekhnobgiy* 11: 27- 
3> and Schmidt* al. (1998) Bioprows Engineer. 19: 67-70. Ulmann's Encyclopedia 
of Industrial Chemistry, (1996) vol. A27, VCH: Weinheim, p. 89-90, p. 521-540, p. 540- 
547 p. 559-566, 575-581 and p. 581-587; Michal, G. (1999) Biochemical Pathways: An 
Adas of Biochemistry and Molecular Biology, John Wiley and Sons; Fallon, A. et al. 
25 (1987) Applications of HPLC in Biochemistry in: Laboratory Techniques in 
Biochemistry and Molecular Biology, vol. 17. 

Equivalents 

Those skilled in the an will recognize, or will be able to ascertain using no more 
30 than routine experimentation, many equivalents to the specific embodiments of the 
invention described herein. Such equivalents are intended to be encompassed by the 
following claims. 
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»RXA023 51 -amino acid sequence 
(1-939, translated) 313 residues 

VEGSVEKLGL I S WWEELART AERGKLDAVF LADGQAINPV GLENGPGWFL EPVTALTAMA RATNNIGLIS 
TISSTFWQPF HAARMI AS LD HISGGRAGIN WTSMTDAEA RNHGMDALPG HDVRYARAAE FIETITALWD . 
SWPAESLVMD RAGKFADSSL IKSIDHDGEF FQVAGPLNIP SPPQGRPVLF QAGSSPQGRE IAAKYAEAIY 
SVAWDLEQAQ DYRSDIHARA TAQGREPMPV LPGLVTFVGT TVEEARAKQQ ALNALL PVKD SLNQLSFFVG 
QDCSTWDLDA PPPPLPPLEE FSGPKGRYET VLR 
>RXA02351 -nucleotide sequence A: upstream 

TGACACTTTACAGACTGGTTTTCAACTAATGACACCGAAAGAAATACACCTGAAGCTTTTTGCTTTCGGTGCCGGGC 
ACCACGCGGCGGCGTGGCGAGCG 

>RXA02351 -nucleotide sequence B: coding region 

GTGGAGGGAAGC GTC GAAAAGCTGGGTTTAATTTCCTGGTGGGAGGAAC TC GC GCGC ACC GC TGAGCGGGGCAAGCT 
GGATGCGGTCTTTTTGGCCGATGGGCAGGCGATTAATCCGGTCGGTCTGGAGAATGGGCCGGGCTGGTTTTTGGAGC 
C GGTGACCGC GTTGACTGC GATGGC GCGGGC GAC GAACAATATTGGGTTGATCAGCACAATTTCCAGTAC GTTTTGG 
CAGCCGTTTCATGCGGCGCGGATGATCGCCAGCTTGGATCATATTTCGGGTGGGCGTGCTGGAATCAATGTGGTGAC 
ATCGATGACCGATGCGGAGGCGCGTAACCACGGGATGGATGCGTTGCCGGGTCACGATGTTCGCTATGCGCGCGCTG 
CGGAATTTATTGAAACCATCACTGCGCTGTGGGATTCTTGGCCTGCGGAAAGTTTGGTGATGGATCGTGCTGGAAAA 
TTTGCGGACTCCTCGCTCATTAAATCTATCGATCATGATGGTGAGTTCTTCCAAGTCGCTGGTCCGCTGAATATCCC 
CAGTCCTCC GC AGGGTC GACCC GTACTTTTTC AGGCTGGATCCTCACC GCAAGGAC GGGAAATC GCTGC GAAATAC G . 

SCCGAGGCAATTTACTCTGTGGCGTGGGATTTGGAGCAAGCGCAAGATTATCGCTCTGATATTCATGCTCGTGCCACT 
GCCCAGGGTCGCGAGCCCATGCCGGTGCTTCCTGGTTTGGTGACTTTTGTTGGCACGACCGTGGAAGAAGCGCGT 
<AAAACAGCAGGCTCTTAATGCGTTGCTGCCGCTO 

GCTCGACGTGGGATTTGGATGCACCTCCCCCACCACTGCCACCGCTAGAAGAGTTTTCCGGTCCTAAAGGCAGGTAC 
GAAACGGTCCTGCGG 
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»RXA0253i-amino acid sequence 
(1-711,. translated) 237 residues 

MKIPliYMAEE AAALNLLADG RLALGVSRGS PEPAEKGWEA FGYDGGDDPK AAC3-1AREKFL RFLDAIDGRP 

MSIASENQYP RLYHPGTPLP IFPHDLDLGK SIWWGAGSHN TAEQAARDGV NLMSSTLVAE ATGQSFGDLQ 

ADQ I AFYRQA WKEAGHDWTP RVSVSRSIFP IVTDRDRELF GLQGQGGDQV GILDDTRSTF GRSYAGSPDE 

LIDQLQGRQS CDGSRHLDAH RPQPNGC 

>RXA02531-nucleotide sequence A: upstream 

CACTTCGCTCCCCAAGGTACATCCCCGATGCCACTTCTTG^ 

CACTGGAGTAGTGGATATGCGTT 

>RXA02 531 -nucleotide sequence B: coding region 

ATGAAAA.TCCCTTTGTATATGGCCGAGGAAGCAGCTGCTCTCAATCTGCTTGCCGACGGCCGACTAGCCCTCGGAGT 

TTCCAGGGGATCACCCGAACCAGCCGAGAAGGGTTGGGAAGCTTTCGGCTACGACGGCG^ 

CAGGCATGGCACGGGAGAAATTCCTTCGCTTCCTC^ 

CAATACCCACGCCTCTACCATCCGGGCACTCCCCTGCCGATCTTCCCGCATGATCTT.GACTTGGGTAAATCCATTTG 
GTGGGGC GCCGGTTCCCACAACACCGCCGAACAAGCAGCACGCGATGGCGTTAACTTGATGAGCTCCACCCTCGTCG 
CCGAAGCCACCGGCCAATCCTTCGGGGATCTG^ 
GGAGACGATTGGACCCGACGTGTGTCTGTCTCCAGGTCCATC 

CGGACTTCAGGGACAAGGCGGTGACCAAGTAGGAATCCTGGATGATACCCGATCCACGTTCGGTCGCAGCTACGCCG 
GAAGTCCCGATGAACTCATCGACCAGCTCCAAGGAAGACAAAGCTGTGATGGAAGCCGA 
^ CCCCAACCAAATGGGTGT ? 

P >RXA02 5 31 -nucleotide sequence C: downstream 
TGAGATCAACGCGTCGATCCTGA 
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»RXA0134 0-amino acid sequence 
(1-990, translated) 330 residues 

VGPVLAITPW NFPIAMATRK IAPALAAGCP VI.VKPASETP LTMVKVGEII ASVFDTFNIP QGLVSIITTT 
RDAELSAELM ADPRLAKVTF TGSTNVGRIL VRQSADRLLR TSMELGGNAA FVIDEAADLD EAVSGAIAAK 
LRNAGQVCIA ANRFLVHESR AAEFTSKLAT AMQNTPIGPV ISARQRDRIA ALVDEAITDG ARLIIGGEVP 
DGSGFFYPAT ILADVPAQSR' IVHEEIFGPV ATIATFTDLA EGVAQANSTE FGLAAYGFSN NVKATQYMAE 
HLEAGMVGIN RGAT SDPAAP FGGIGQSGFG REGGTEGIEE YLSVRYIALP 
>RXA0 1340 -nucleotide sequence A: upstream 

CAGAATACTTCCGTTGGTTTGCGGAAGAAGCAGTGCGCCTGCCCGGCCGCTACGGACAGTCACCTTCGGAATCGGTC 
ACATCGCCGTCACCCGCGCACCC 

>RXA01340-nucleotide sequence B: coding ( region 

GTGGGACCAGTGCTGGCGATCACCCCATGGAATTTCCCCATCGCCATGGCCACCCGCAAAA 

CGCTGGTTGCCCCGTGTTGGTGAAACCTGCTTCCGAAACCCCACTGACCATGGTCAAAGTGGGGGAGATCATCGCCT 
CCGTCTTTGATACCTTTAATATCCCGCAGGGCTTGGTCTCAATCAT 
' GAACTCATGGCTGATCCTCGCTTGGCTAAAGTCACCTTCACTGGATC^ 

ATCCGCGGACCGACTGCTGCGCACCTCCATGGAACTCGGCGGAAATGCAGCTTTTGTTATCGACGAAGCCGCAGACC 
TCGACGAAGCCGTATCCGGTGCCATCGCCGCAAAACTCCGGAACGCCGGCCAAGTATGCATCGCAGCTAACCGTTTC 
TTGGTTCATGAATCCCGCGCTGCCGAATTCACCTCAAAGCTGGCGACAGCCATGCAGA 
GATTTCTGCCCGCCAACGCGACCGGATCGCAGCACTAGT^ 

GTGGGGAGGTCCCCGACGGCTCCGGCTTCTTCTATCCAGCGACCATCTTGGCCGATGTCCCTGCACAGTCACGGAT 
GTGCATGAGGAAATCTTCGGACCTGTGGCCACCATTGCCACTTTCACCGACTTGGCCGAA 

T TCCACCGAATTCGGCC TCGCAGCCTACGGATTCAGCAACAATGTGAAAGCAACACAGTACATGGCGGAACACT 
AAGCCGGAATGGTCGGAATCAACAGAGGCGCCATCTCTGAC^ - 
TTCGGCAGAGAAGGCGGAACCGAAGGAATCGAAGAATATCTCTCCGTGCGTTACCTCGCTTTGGCG 
>RXA01340-nucleotide sequence C: downstream 
TGACACATGAGCTGTCCGGTGAA 
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»RXA014 98-amino acid sequence / 
(1-1563, translated) 521 residues 

MI KRLPIiGPL PKELHQTliD LTANAQDAAK VEVIAPFTGE TLGFGFDGDE QDVEHAFALS RAAQKKWVHT 
TAVERKKIFL KVHDLVLKNR ELLMDIVQLE TGKNRASAAD EVUDVAITTR FYANNAGKFL NDKKRPGALP 
IITKNTQQYV PKGWGQITP WNYPLTLGVS DAVPALLAGN AWAKPDLAT PFSCLIMVHL LIEAGLPRDL 
MQWTGPGDI VGGAIAAQCD FLMFTGS TAT GRILGRTMGE RLVGFSAELG GKNPL I VAKD ADLDKVEAEL 
PQACFSNSGQ LCVSTERIYV EEDVYEEVIA RFSKAAKAMS IGAGFEWKYE MGSLINHAQL DRVSTFVDQA 
KAAGATVLCG GKSRPDIGPF FYEPTVLADV PEGTPLLTEE VFGPWFIEK VATLEEAVDK ANGTPYGLNA 
SVFGSSETGN XVAGQLEAGG IGINDGYAAT WASVSTPLGG MKQSGLGHRH GAEG I TKYAE IRNIAEQRWM 
SMRGPAKMPR KVYSDTVATA LKLGKIFKVL, P 
>RXA01498-nucleotide sequence A: upstream 

CAGTGGACAACTACTTGGCGGGTCTTAAATCAGCTGTGAAGGATTCTGCATAAGCTGGG^ 
ACGCGAAACGAAGGTAAAAGCCC 

>RXA014 98 -nucleotide sequence B: coding region 
ATGATCAAACGTCTTCCTTTAGGTCCGCTGCCTAAAGAACTTCATCAGACTCTGCT^ 

AGATGCGGCGAAAGTGGAGGTTATAGCGCCATTTACTGGCGAGACCCTCGGATTTGGTTTTGATGGTGATGAGCAAG 
ACGTCGAGCATGCT TT TGCACT TTCAAGGGCAGCCCAGAAAAAGTGG 

ATCTTCCTGAAG^TTCATGATCTGGTATTGAAAAACCGTGAGCTGCTCATGGACATCGTGCAGTTGGA 
AAATCGAGCATCGGCTGCCGATGAGGTGTTGGACGTT(^GATCACCAGCCGCTTCTAGGCAAACAAT 
t TTTTAAATGACAAGAAACGCCCCGGCGCGCTTCCGATCATCACGAAAAACACACAACAG 
^ GTCGGGCAC^TCACGCCGTGGAATTACCCTTTAACTTTGGGAGTATCTGAT 

CGCAGTGGTGGCTAAACCTGACCTCGCGACACCTTTCTCCTGCTTGATCATGGTGCACCTGCTCATTGAAGCCGGTC 
TGCCGCGTGATTTGATGCAGGTTGTCACCGGCCCTGGCGATATTGTTGGCGGTGCGATTGCAGCTCAGTGTGATTTC 
CTCATGTTCACTGGATCGACGGCCACGGGCCGGATCTTGGGTCGGACAATGGGTGAGCGTTTGGTGGGTTTCTCTGC 
GGAATTAGGCGGAAAGAACCCTCTTATTGTGGCCAAGGATGCAGATCTGGACAAG 

CGTGT TTT TCCAACTCGGGGCAATTGTGTGTC TCCAC TGAACGTATTTATGTCGAGGAAGACGTGT ACGAGGAGGTG 
, ATTGCACGGT TTAGCAAGGCGGCGAAAGCCATGTCCATTGGTGCCGGATT TGAGTGGAAATATGAGATGGGTTCGTT 
GATC^TCACGCGCAGCTGGATCGGGTGAGCACCTTTGTTGATCAGGCTAAAGCTGCGGGC 

GTGGCAAGTCACGCCCTGATATTGGTCCCTTCTTCTATGAGCCCACGGTATTGGCGGATGTCCCAGAGGGCACCCCA 
CTGCTGACGGAGGAAGTCTTCGGGCCGGTGGTGTTCATCGAAAAGGTAGCCACACTGGAAGAAGCCGTCGATAAGGC 
AAATGGCACGCCCTACGGCCTGAATGCGTCCGTCTTTGGGTCGTCGGAAACCGGCAATCTTGTTGCAGGCCAGCTGG 
AAGCTGGCGGTATCGGTATTAATGATGGCTACGCCGCGACGTGGGCGAGCGTGTCGACGCCTCTGGGTGGCATGAAG 
CAGTCGGGGCTGGGGCACCGCCATGGTGCGGAGGGAATTACAAAATATGCGGAGATCCGA 

CTGGATGTCTATGCGTGGGCCGGCCAAAATGCCGCGAAAGGTGTACTCAGACACCGTGGCCACAGCGCTAAAGCTGG 
GCAAAATCTTTAAAGTTTTGCCG 

>RXA0 14 98 -nucleotide sequence C: downstream 
TAGCAAAAAGCCGGACCCTTGCT 
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>>RXA01182-amino acid, sequence 
(1-393, translated) 131 residues 

VFNIiFGRKTP RSbTLRPPRGP GDTVRPEDLK FLMQWVQDKP FVEAFVEPET LVNEMSWLV DAHGVFVRRR 
IGGPKGIDVI AKKLGVPVYD VEE TGYPQRM RERIEYERIL RKREEQKARR AKFERGENPD L 
>RXA0 11 82 -nucleotide sequence A: upstream 

GTTAAAACGGAAACTAATACCCCAAAGGATACCGATTCAATTTGTGATGTGTGGTGTTCGGGTCATATCAA.GCTAAA 
CAGATGCCCCCTACAATAGGCTT 

>RXA0 11 82 -nucleotide sequence B: coding region 

GTGTTCAATTTATTTGGTCGTAAAACTCCTCGCTCTAACCTCCGCCCACCACGCGGTCCGGGCGATACTGTGCGCCC 

GGAAGATTTAAAATTCTTGATGCAATGGGTGCAGGATAAGCCATTTGTTGAGGCATTCGTTGAACC^ 

TCAATGAGATGTCTGTCGTTTTGGTTGATGCTCATGGGGTTTTTGTCCGCCGAAGGATCGGCGGTCCCAAAGGGATT 

GATGTTATCGCGAAAAAGCTCG<^GTTCCGGTTTATGATGTTGAGGAGACCGGTTACCCCCAAAGGATGCGCGAACG 

CATTGAATATGAGCGCATCTTAAGAAAGCGT 

CTGATCTT 

>RXA01182-nucleotide sequence C: downstream 
TAAC TAGCGT T TAGCTTTCCGAC 
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»RXA00689-amino acid sequence 
(1-627, translated) 209 residues 

MRNTGQTC Y I STRIIAPSSR YAEWQTVAS TIAAGRQGDP YDEE TVFGPV ASASQYSTVM SYIDSAREEG 
ARWAGGTRS ISLSEGLESG EFIQPTVFAD VTPDMRI SRE EIFGPVISIL KYDDTNGVSE AIALANNTKF 
GLGGLVFGAD EEQALEVARQ VDSGSVGINF FGSNHSAPFG GRHESGMGVE YGIEGLSAYL TYKSIHRTI 
>RXA00689-riucleotide sequence A: upstream • 

ACTCCGACCAGTGACTTTAGAGCTAGGCGGAAAATCTTCCGCGATTATCCTTCCTGATGCAGACATGTCAGTACTCT 
CGACGCGGTTGATTCGATCCTGT 

>RXA00689-nucleotide sequence B: coding region 
ATGCGCAACACTGGACAAACCTGCTAC^TC^GTAC^ 

AACAGTGGCAAGCACTATCGCTGCAGGTAGACAAGGTGACCCCTATGATG^ 

GCGCCTCTCAGTACTCAACCGTCATGTCTTACATTGACTCCGCACG ' 
ACCCGGTCAATCAGCCTTTCTGAAGGTTTAGAATCAGGCGAGTTTATCCAACGAACCGTGTTTGCCGATGTCACCCC 
CGACATGCGGAT ATCACGCGAAGAAATCT TCGGCCCTGTTAT TTCCATCC TAAAGTACGACGATACAAACGGTGT T T 
CCGAAGCAATCGCACTAGCCAACAACACGAAATTCGGTCTCGGTGGCTTGGTAT^ 

CTAGAAGTCGCCCGTCAAGTGGATTCTGGTTCCGTAGGCATCAACTTCTTCGGTTCCAACCATTCCGCCCCATTTGG 
AGGACGCCACGAATCCGGTATGGGAGTGGAATACGGCATCGAAGGCCTCAGTGC TC 
ACCGAACCATT 

>RXA00689-nucleotide sequence C: downstream 

TAGTTACTGAAAGTTCTCAGCTA , ~ 
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»RXA00231-amino acid sequence 
(1-789, translated) 263 residues 

DRLRKVSFTG STPVGQQLLK KAADKVLRTS MELGGNAPFI VFEDADLDLA IEGAMGAKMR NIGEACTAAN 
RFLVHESVAD E FGRRFAARli EEQVLGNGLD EGVTVGPLVE EKARDSVASL VD AAVAE GAT VLTGGKAGTG 
AGYFYEPTVXi TGVSTDAAIL, NEEIFGPVAP IVTFQTEEEA LRLANSTEYG LASYVFTQDT SRI FRVSDGL 
EFGLVGVNSG VI SNAAAPFG GVKQSGMGRE GGLEGIEEYT SVQYIGIRDP YAG 
>RXA0 02 31 -nucleotide sequence B: coding region, 
GATCGCCTTCGTAAAGTCTCCTTCACCGGCTCGACCCCAGTTGGCC 

TCTGCGCACCTCCATGGAACTTGGTGGCAACGCACCTTTCATTGTCTTCGAGGACGCCGACCTAGATCTCGCGATCG 
AAGGTGCGATGGGTGCCAAAATGCGCAACATCGGCGAAGCTTGCACCGCAGC 

GTCGCCGATGAATTCGGCCGTCGCTTCGCTGCCCGCCTTGAAGAGCAAGTCCTAGGCAACGGCCT^ 

GACCGTGGGCCCCCTGGTTGAGGAAAAAGCACGAGACAGCGT^ 

CCACCGTCCTCACCGGCGGCAAGGCCGGCACAGGTGCA^ 

ACAGATGCGGCTATCCTGAACGAAGAGATCTTCGGTCCCGTCGCAC^ 

CCTGCGTCTAGCCAACTCCACCGAATACGGACTGGCCTCCTATGTGT 

TCTCCGATGGTCTCGAGTTCGGCCTAGTGGGCGTCAATTCCGGTGTCATCTCTAACGCTGCTGCACCTTTTGGTGGC 
GTAAAACAATCCGGAATGGGCCGCGAAGGTGGTCTCGAAGGAATCGAGGAGTACACCTCCGTGGAGTACATCGG 
CCGGGATCCTTACGCCGGC 

>RXA00231 -nucleotide sequence C: downstream 
TAGCATCTGCCCCTTTACAAATC 
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»RXA00659-amino acid sequence 

(1-621, translated) 207 residues v 

VEASDGGTFD VENPATGETI ATLAS AT SED ALAALDAACA VQAEWARMPA RERSNILRRG FELVAERAEE 
FAT LMT LEMG KPLAEARGEV TYGNEFXiRWF SEEAVRLYGR YGTTPEGNLR MLTALKFVGP CLLITPWNFP 
LAMATRKVAP AIAAGCVMVL KPARLT P1»T S QYFAQTMLDA GLPAGVLNW SGASASAISN PIMEDDR 
>RXA0 065 9 -nucleotide sequence A: upstream 
GCTGGATACGAAAAGTGAAGGAAAATAACGCATCATGACTATTAATGTTTTC 
GTCTACTGATTGGTGATTCCTGG 

>RXA0 065 9 -nucleotide sequence B: coding region 
GTGGAAGCATCCGACGGCGGTACTTTCGATGTGGAAAACCCAGCGACGGGTGAAACAA 

TACTTCCGAGGATGCACTGGCTGCTCTTGATGCTGCATGCGCTGTTCAGGCCGAGTGGGCTAGGATGCCAGCGCGCG 

AGCGTTCTAATATTTTACGCCGCGGTTTTGAGCTCGTAGCAGAACGTGCAGAAGAGTTCGCCACCCTCATGACCTTG 

GAAATGGGCAAGCCTTTGGCTGAAGCTCGCGGCGAAGTCACCTACGGCAACGAATTCCTGCGCTGGTTCTCTGAGGA 

AGCAGTTCGTCTGTATGGCCGTTACGGAACCACACCAGAAGGCAACTTGCGGATGCTGACCGCCCTCAAGCCAGTTG 

GCCCGTGCCTCCTGATCACCCCATGGAACTTCCCACTAGCAATGGCTACCCGCAAGGTCGCACCTGCGATCGCTGCA 

GGTTGTGTCATGGTGCTCAAGCCAGCTCGACTTACCCCGCTGACCTCCCAGTATTTTGCTCAGACCATGCTTGATGC 

CGGTCTTCCAGCAGGTGTCCTCAATGTGGTCTCCGGTGCTTCCGCCTCTTC 

ATCGC' 



\ 
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»RXA02192-amino acid sequence 
(1-522, translated) 174 residues 

IPDIGFGVFQ TPPDETRNSV NAALEAGYRH ID TAAAYGNE REVGEAIAAS GIGRDEITIE TKIWVTDYGF 
EETLHAPDKA TGKLGVDTLD ILILHQAVPS SFDRTIAAYK ALEKLLFDGA VRAIGVSNFM PEHLDKLLLE • 
TSIVPALNQI ECHPYFQQRD VLARNEQLGI LTQA 
>RXA02 192 -nucleotide sequence B: coding, region 

ATTCCCGACATTGGATTTGGTGTCTTCCAAACCCCACCCGATGAAACCCGAAACTCCGTTAACGCTGCTCTTGAAGC 
CGJGCTATCGCCACATCGACACCGCGGCCGCATACGGCAATGAA.CGTGAAGTCGGTGAAGCAATCGCAGCATCCGGCA 
TTGGCCGCGACGAGATCACCATCGAAACCAAAATCTGGGTGACCGACTACGGCTTCGAGGAAACTCTCCACGCATTC 
GACAAGGCCACAGGCAAGCTTGGTGTCGATACACTGGACATTTTGATCTTGCACCAGGCAGTGCCAAGCAGCTTTGA 
TCGCACCATCGCCGCCTACAAGGCGCTAGAGAAGCTGCTTTTCGACGGCGCGGTGCGGGCAATCGGAGTCAGTAATT 
TCATGCCAGAGCACCTGGACAAACTCCTTTTGGAAACCTCCATTGTCCCAGCTCTGAACCAAATCGAATGCCACCCC 
TACTTCCAGCAGCGTGACGTGCTTGCCCGCAATGAGCAGCTTGGCATTTTGACTCAGGCG 
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- 1 . An isolated nucleic acid molecule from Corynebacierium gluiumicum encoding an 
HA protein, or a portion thereof. 

5 2 The isolated nucleic acid molecule of claim 1, wherein said nucleic acid molecule 
. encodes an HA protein involved in the production ot a fine chemical. 

3 An isolated Corynebacierium gluiamicum nucleic acid molecule selected from the 
10 • £u^ 

4 An isolated nucleic acid molecule which encodes a P^Pf^E** 
from the group consisting of those sequences set forth in Appendix d. 

15 5 An isolated nucleic acid molecule which encodes a naturally occurring allelic variant 
sequences set forth in Appendix B. 

6 An' isolated nucleic acid molecule comprising a nucleotide sequence which is at least 
50% homologous to a nucleotide sequence selected from the^group consisting ot 
Those sequences set forth in Appendix A, or a portion thereof. 

7 An isolated nucleic acid molecule comprising a fragment of at least 15 nucleotides 
' of a nucleic acid comprising? nucleotide sequence selected from the group 

25 consisting of those sequences set forth in Appendix A. 

8. An isolated nucleic acid molecule which hybridizes to the nucleic acid molecule of 
any one of claims 1 -7 under stringent conditions. 

30 9 An isolated nucleic acid molecule comprising the nucleic acid molecule of any one 
of claims 1-8 or a portion thereof and a nucleotide sequence encoding a heterologous 
polypeptide, -m 

1 0. A vector comprising the nucleic acid molecule of any one of claims 1-9. 

35 

1 1. The vector of claim 10, which is an expression vector. 

12. A host cell transfected with the expression vector of claim 11. 
40 13- The host cell of claim 12, wherein said cell is a microorganism. 

14. The host cell of claim 13, wherein said cell belongs to the genus Corynehucteriurn 
or Brevibuclerium. 

45 15 The host cell of claim 12, wherein the expression of said i nucleic acid molecule 
results in the modulation in production of a fine chemical from said cell. 



ta/acTtoCarbohydraK*. aromatic compounds, vtamms, coftoors, and 



enzymes. 
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17 A method of producing a polypeptide comprising culturing the host cell of claim 12 
to » appropriate culture medium to, thereby, produce the polypeptide. 

10 18. An isolated HA polypeptide from Corynebacterium glutumicum, or a portion 
thereof. 

19. The polypeptide of claim 1 8, wherein said polypeptide is involved in the production 
of a fine chemical production. 

? 0 An isolated polypeptide comprising an amino acid sequence selected from the group 
-consisting of those sequences set forth in Appendix B. 

21 An isolated polypeptide comprising a naturally occurring allelic ^variantofa _ 
pTlypepTdecomVrising an amino acid sequence selected from die group consisting 
of those sequences set forth in Appendix B, or a portion thereof. 

22. The isolated polypeptide of any of claims 18-21, further comprising heterologous 
amino acid sequences. 

23 An isolated polypeptide which is encoded by a nucleic acid molecule comprising a 
nucleotide sequence which is at least 50% homologous to a nucleic acid selected 
from the group consisting of those sequences set forth in Appendix A 

30 24 An isolated polypeptide comprising an amino acid sequence which is at least 50% 
' homologous to an amino acid sequence selected from the group consisting of those 
sequences set forth in Appendix B. 

■>5. A method for producing a fine chemical, comprising culturing a cell containing a 
35 vector of claim 12 such that the fine chemical is produced. 

26. The method of claim 25, wherein said method further comprises the step of 
recovering the fine chemical from said culture. 

40 27 The method of claim 25, wherein said method further comprises the step of 

tr^fectmg said cell with the vector of claim 1 1 to result in a cell containing said 
vector. 

28. The method of claim 25, wherein said cell belongs to the genus Corynebacterium ot 
45 Brevibacterium. 

29 The method of claim 25, wherein said cell is selected from the group consisting of: 
* * Corynebacterium glutamicum. Coryne bacterium herculis. Corynebacttnum lihum. 
Corynebacterium ucetoacidophilum. Corynebacterium acetoglutamwum. 



Corvnebuaeriumacewphilum, Corynebacterium ammoniagenes. Lorynebuaenum 

Brevibucierium hecxlii. Brevibacttrium kewgluxamicum Brevibacteruan 
ie^orcLrum. Brevibaatrtum taaofermenrum. Bre^crenum l^ns, 
. Br"Zaerium paraffinolyticum. and those strains set forth in Table , 

30. The method of claim 25, .herein expression of * molecule from said 
vector results in modulation ot production of said fine chemical. 

5 1 The method of claim 25, wherein said fine chemical is selected from the group _ 
lo^Sung of org^c acids, proteinogenic and nonproteinogeme ammo acids purine 
andlynmidL bases, nucleosides, nucleotides, lipids, saturated and unsaid 

adds, diols, carbohydrates, aromatic compounds, vitamins, cofactors, and , 
enzymes. 

32. The method of claim 25. wherein said fine chemical is an amino acid. 

33 The method of claim 32, wherein said amino acid is drawn from the group consisting 
. ' of lysine; glutamate, glutamine, alanine, aspartate, glycine, senne. threonine, 

methSnine! cysteine, Saline, leucine, isoleucine, arginine, proline, hisudine, 
tyrosine, phenylalanine, and tryptophan. 

34 A method for producing a fine chemical, comprising culturing a cell whose genomic 
DNA has been altered by the inclusion of a nucleic acid molecule of any one ot 



claims 1-9. 
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